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Milliken Station Heat Pipe Air Heater
Performance Uncertainty Analysis

This report documents the heat pipe performance uncertainty analyses done by CONSOL R&D. The
uncertainty analyses were requested by ABB Air Preheater Inc., ABB API, and New York State
Electric & Gas Corporation, NYSEG, as part of the performance testing program. The results
indicate that for the two areas of most concern, i.¢., the flue gas outlet temperature measurement and
the percent air leakage, the measurement errors will be small. For the heat pipe operating at the
design outlet temperature of 253 °F, the measured outlet temperature uncertainty is likely to be less
than about 2.6°F. The air leak uncertainty is likely to be less than 1.6 wt %.

Uncertainty Calculations ABB APIrequested that overall uncertainty analyses be calculated for:

1. Weighted average temperature for each traverse plane
2. Air and gas flows
3. Air-to-gas leakage rate.

The analysis is to develop performance test tolerance criteria which can be agreed to by NYSEG and
ABB APIL

The uncertainty analysis is a method of estimating the potential error in a result caused by errors in
measured parameters. Errors fall into two catagories, bias or fixed errors and random errors. Bias
errors remain constant during a test and cannot be reduced by repeated measurement of a parameter.
However, if the cause of the bias is known, the bias can sometimes be accounted for and eliminated.
Instrument signal off set is one type of bias error which can be eliminated by calibration.

Random errors are errors which can be reduced by repeated measurement. Measurement fluctuations
due to changes in personnel, environmental fluctuations, instrument noise etc. represent types of
random errors.

The ASME procedure for calculating uncertainty recommends that sources and levels of bias and
random errors be identified.” These errors are propagated separately through the calculation
procedure to the final result. The error propagation is calculated by Taylor Series expansion of the
result function. In general, if r = f(x,,...X,,....X,) then the error statistics, S,, for bias and random
errors are each calculated separately by applying:*®
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Where:

—a—f-,@i = Partial Derivatives of f With Respect to X, and x,
Ox; Ox;

0,,0, = Error Standard Deviations
U}

When parameters are independent only the i = terms are significant. The cross product terms i#
j are zero. However, when parameters are not independent (i.e. are linked or correlated) the cross
product terms must be considered. An example would be the use of a single thermocouple to
measure all temperatures in a traverse plane. The bias associated with the measurements is the same
for all points, therefore, there is a 1:1 correlation. Here the cross product terms must be evaluated
to obtain the proper bias error statistic.

Depending upon the desired range of coverage (level of confidence) the uncertainty is calculated by:

U =B+ @) 2)
Where:
U = Uncertainty Interval
B = Overall Bias Error Statistic
S = Overall Random Error Statistic
{ = Percentile Point For Student t Distribution

Normally t is selected for 95% coverage. If the random error standard deviations for the primary
measurements can be taken to represent the result of a large number of repeated measurments, then
tis 1.96 or for simplicity assumed to be 2.0.

Temperature Traverse Uncertainty Calculations The following is a calculation example for
uncertainty calculations. Except for the secondary air inlet temperature, which will be obtained by
a straight average of 4 thermocouples, all flue gas and air inlet/outlet temperatures will be obtained
by pitot/temperature traverses of the ductwork. The average temperatures will be calculated using
the formula:
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Where:

A. = Cross Section i Area, ﬁ2

Traverse Point Number

.
1

Temperature in Center of Area A, °F

Gas Velocity in Area A, fps

i

p, = Gas Density in Area A, Ib/ft’

The gas velocity in each area section, A, is obtained by:

DPT "
V, = 85.49CP, (4)
st
Where:
CP, = Pitot Tube Flow Rate Coefficient, Dimensionless
DP, = Velocity Head In Area A, In. WC
. = Static Pressure In Area A, In. Hg Absolute
. = Gas Mol Wt. In Area 4, Ibs/Ib-mol
and the gas density by:
0.04578M P,
p, = (s)
T,
Combining Equations 3, 4, and 5 gives:
Y CPADPMP,T)"
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To obtain sensitivities for the uncertainty calculations, Equation 6 is differentiated with respect to

each variable. If we let the SUM1 equal the denominator of Equation 6 and SUM2 the numerator,
then the derivatives are:

DPMP_\'?
CPSUMI(DPMP,T)'? - CPSUM2 DEMPy
oT,, T, (7)
04, SUMI*
1 DPMP,|"*
ASUMI(DPMP T)"* - 4SUM2| ———= )
avg  _ i
oCP, SUMI?
ACPSUMI(MpP T)"*DP;\? - 4CcPSUM2 —L* ’P <! pp'?
T, T, (9)
oDP, 2SUMI*
12
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In DPM,) "
ACPSUMI(DPMT)"?P " - ACPSUM? iop
or,  ACPSUMIDPIMT) S r ) p 1)
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oT,, ACPSUMI(DPMP)"T,"* + ACPSUMXADPMP,)"T,”" (12)

oT, 2SUMI*?

To evaluate Equation 1 we must now determine the biases and precision indices (random errors)
associated with the measurements. These errors are determined from experiments, literature sources,
and experience. Errors and sources are presented in Table 1. Most of the errors were taken from
literature sources or were based on experience. The likely bias and sampling errors for the coal
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Table 1

Summary of Bias Limits and Precision Indices

For Uncertainty Calculations

Bias Random Error (Precision)
Parameter Limit (1 Standard Deviation) Comments
Dimensions
Width 0.5" (0.042") 0.5" (0.042") Assumed.
Length 0.5" (0.042)) 0.5" (0.042) Assumed.
Temperature 1% of °F Reading 1/2% of deg F Reading Bias - Typical for Type K TC's; Actual Insturment Accuracy
Is 0.1% Of Reading +/- 0.8 deg F; Precision - Typical
Error Based on Experience (From ASME PTC 4.1).
Pressure
Barometric 0.04" Hg 0.04" Hg Calibrated Aneroid Barometer Readability.
Static 0.05" WC 0.05" WC (0.0037" Hg) Water Manometer with 0.1" Scale, Readable to 0.05".
Velocity Head, DP 2% of Avg Reading 0.00005" WC Bias - Instrument Design Specifications;
Precision or Random Error - 1/2 Insturment Resolution.
Pitot Factor, CP 0.01 0.0 Calibration Accuracy.
Coal Analysis
Moisture, Mf 3.9% of Mf (0.20+0.012*Mf)/(2*1.414) Bias - Assumed Same As For Ash;
Precision - ASTM Analysis Repeatability.
C 3.9% of C (0.64)/(2*1.414) Bias - Assumed Same As For Ash;
Precision - ASTM Analysis Repeatability.
H 3.9%of H (0.16)/(2*1.414) Bias - Assumed Same As For Ash;
Precision - ASTM Analysis Repeatability.
N 3.9% of N (0.11)/(2*1.414) Bias - Assumed Same As For Ash;
Precision - ASTM Analysis Repeatability.
S 1.9% of S (0.06+0.035*S)/(2*1.414) Bias - From Washability Data;
Precision - ASTM Analysis Repeatability.
Ash 3.9% of Ash (0.07+0.02*Ash)/(2*1.414) Bias - From Washability Data;
Precision - ASTM Analysis Repeatability.
Carbon In Ash 25% of Ash Carbon 10% of Ash Carbon Bias - From Unit 2 LOI Data; Precision - Assumed.
Coal Rate, Wfe 5.0% of Wfe 0.25% of Wfe Bias - Assumed; Precision - Typical Value for Calibrated
Scales Based on Experience (Form PCT 4.1).
Gas Analyses
02 0.05% Absolute 0.05% Absolute Bias - Cal. Gas Spec.; Precision - Low O2 Calibration
Cco 20 ppm (0.002%) 10 ppm (0.001%) Insturment Design Specification.
Cco2 0.1% Absolute 3% of Measurement Bias - Burette Scale Division Readability; Precision - Orsat
Error Based on Experience (From PCT 4.1).
Air Moisture 10% of Humidity 20% of Humidity Bias - Estimate Based on 1 deg F Error In Measured T;
Precision - Estimate Based on 2 deg F Error In Wet Bulb.
MW
Flue Gas 0.05 0.07 Bias & Precision - Uncertainty Analysis Results Based On
Composition Bias Limits and Precision Indices for Coal,
Ash, and Flue Gas.
Air 0.025 0.05 Bias & Precision - Uncertainty Analysis Resuilts Based On

Bias and Precision Errors for Air Humidity.




sulfur and ash analyses were determined from coal washability data based on a method by Gy and

illustrated in Bilonick.” The method requires ash and sulfur measurements for various size and
density fractions. This information was taken from the results of a coal washability study on coal
from CONSOL's Bailey Mine which was performed on January 16, 1993. The coal top-size was
assumed to be 3/4 inch to be consistant with the Milliken Station sample size. The calculations were
performed for sample sizes of 1 Ib and 4 Ibs. Data were not available to calculate bias errors for the
coal moisture (m,), C, H, and N; so as a conservative estimate, the bias error for these components
was assumed to be the same as for the ash. Also to be conservative, large bias errors were assumed
for the refuse carbon (carbon in the ash relative 25%) analysis and for the coal feed rate (relative
5%).

Equation 1 can now be evaluated using the biases and random errors listed in Table 1, and Equations
7 to 12 to calculate sensitivitives. A spreadsheet program was developed. The results of this
program were later checked using the MAPLE" relational math computer program. The results of
the two programs were essentially identical; indicating that the explicit partial derivatives used in
the spreadsheet program were properly evaluated.

The results of the average teniperature uncertainty calculations are presented in Appendix A. Bias
and random errors in each traverse plane (primary air inlet/outlet, secondary air inlet/outlet, and flue
gas inlet/outlet) are included. The traverse bias evaluation includes cross product terms for measured
parameters (i.e. T; with T, A; with A;, DP, with DP;, etc., where i#]). This accounts for the use of
the same equipment to obtain measurements for each point in a traverse. Normally, only one
thermocouple will be used for all temperature measurements in a traverse plane; one pressure
transducer for all velocity head measurements; one gas analyzer for all gas compositions etc.
Therefore, the bias errors associated with the readings are correlated 1:1 for each traverse point.
Cross product terms between parameters, such as between temperature and gas composition, or
temperature and velocity head, are not included since these parameters are independent of each other.

Table 2 summarizes the uncertainty analysis results for the average flue gas and air stream
temperatures around the heat pipe. The major contribution to the uncertainties in the average
inlet/outlet temperatures is the bias error of the temperature measuring system. Bias and random
errors in the other measured parameters do not contribute to the uncertainty. For the calculations,
the bias error is assumed to be 1% of the thermocouple reading in °F. This is based on typical errors
cited in the literature.”’ The uncertainty analysis indicates that the estimate of the average flue gas
outlet temperature will be only about 2.6 °F for 95% coverage if the heat pipe operates at the design
253°F outlet. To reduce this error further, the temperature measuring equipment will be calibrated
before testing against a National Institute of Standards and Technology (NIST) traceable
thermocouple and potentiometer. The calibration will cover the expected operating range for heat
pipe testing.

The input data shown in Appendix A Tables A-1 through A-12 are dummy values for design case
conditions. Except for an assumed temperature spacial bias, input data values are constant for each
parameter (i.e. A, CP, DP, M,, Ps,). A comparison of Tables A-1 with A-13 and A-7 with A-14



Table 2
Uncertainty Estimates for Average Duct Temperatures
Based on Multi-Point Traverses
No. of Operating Bias Random
Location TraYerse Teomp. Egror Egror Ungertainty

Points F F F F (1)
Primary Air Inlet 12 80 0.80 0.12 0.84
Primary Air Outlet 20 644 6.44 0.74 6.61
Secondary Air Inlet 4 80 0.80 0.20 0.89
Secondary Air Outlet 24 616 6.16 0.70 6.32
Flue Gas Inlet 20 680 6.81 0.81 6.99
Flue Gas Outlet 24 253 2.53 0.35 2.63

(1) Calculated by Equation 2.

shows the effect of non-uniform input data on the bias and precision errors respectively. For the
weighted averages, the weighting does not significantly affect the overall bias and precision errors
of the average result. Because the weighting terms are in the numerator and denominator of the
result function and the errors tend to cancel. This shows that use of actual data will have little effect
on the estimated uncertainties.

Primary Air Flow Rate Uncertainty Calculations The proposed heat pipe performance test
procedure requires direct measurement of the primary air flows exiting each air heater. The flow
rates will be determined using the following equation:

n P P 12
W, = 14088CP)_ A,.[ —’A;i] (13)
i=1 i

Since terms A, CP, P_, and M, will be essentially constant for each traverse point, single values can
be used for these parameters and Equation 13 can be simplified to:

Sl T

i

W, = 14088:4-CP-(PM)* Y | — (14)



Where:

A, = Cross Section i Area, fi*
CP = Pitot Tube Flow Coefficient, Dimensionless
DP, = Velocity Head in Center of Area A, in. WC
i = Traverse Point Number
. = Air Mol Weight (wet) in Area A, Ibsimol
P = Static Pressure in Duct, in. Hg
T, = Temperature in Center of Area A, °R

Primary Air Outlet Flow, lb/hr

air

For test purposes, it is assumed that the primary air inlet flow is equal to the measured outlet flow.
However, for the uncertainty evaluation presented here, Equation 14 was evaluated for both the inlet
and outlet flows. The inlet flow is through a rectangular duct (3.28'x17.5") while the outlet flow is
through a 4' diameter round duct. For these calculations the Maple relational math computer
program was used. The program listings and calculated results are presented in Appendices B-1 to
B-4.

Table 3 summarizes the 95% coverage uncertainty estimates. The uncertainties for the inlet and
outlet primary air flow rates should not exceed about 7% and 5%, respectively. These are
conservative results, the actual uncertainty may well be less. In Appendix B the individual
contributions due to errors associated with the air humidity, pitot factor, velocity head, temperature,
pressure, and traverse area are listed. The largest contributors to the air flow rate uncertainties are
the bias and random errors associated with flow area terms. Throughout this analysis, a 1/2"
standard deviation was assumed for length, width, and diameter terms associated with the
incremental traverse areas. This assumption, when propogated through the incremental area
calculations, results in relatively large, conservative, standard deviations for the calculated bias and
random errors associated with the traverse areas.

Realistic average pitot velocity heads were assumed for the uncertainty calculations. The slight
difference in the inlet and outlet flow rates is a consequence of not adjusting the velocity heads
exactly to achieve identical flow rates. This has no effect on the calculated uncertainties.



Table 3
Uncertainty Estimates for Primary Air Streams

Uncertainty

Bias Error Random Error 95% Interval

Value Abs Rel Abs Rel Abs Rel

Stream Ibs/hr Ibs/hr % Ibs/hr % Ibs/hr %
AirIn 62300 2060 3.31 1820 2.93 4190 6.72
Air Out 62500 1640 2.61 1300 2.08 3075 4.92

Flue Gas Flow Rate Uncertainty Calculations The flue gas flow to each heat pipe is determined
in the following manner:

(D

03
3)

“4)
)
(6)
(7

The inlet flue gas ducts to each heat pipe are pitot tube traversed to obtain
temperature, velocity, and gas composition data.

Carbon flow rates as SCFH CO, to each heat pipe are calculated from the pitot data.
The carbon burn split to each heat pipe is calculated from the CO, flow rates (needed
since flue gas flow is calculated as lbs gas/Ib AF coal).

Average inlet flue gas compositions to each heat pipe (i.e. CO, CO,, and O,) are
calculated from pitot probe gas analysis data).

The combustion air rate required to produce the flue gas to each heat pipe is
calculated from the coal analysis, ambient air moisture, and dry flue gas analyses.
The flue gas moisture content is calculated from the coal analysis and calculated
combustion air rate.

The flue gas rate is then calculated from the coal analysis, average dry gas analysis,
flue gas moisture content, coal feed rate, and carbon burn split.

The above procedure is discussed below and appropriate equations presented. Outlet flue gas flows
are calculated in the same fashion.

The CO, flow rates at standard conditions to each heat pipe are calculated from gas analyse,
temperature, static pressure, and velocity traverse data by:

and

20

DP
FAco = 53,488;AFG,,.CP al

12
Si) (1-Mpg)COy, (15)

1




20

DP
FBy, = 53,488) A, CP d
i-1

12
si] (1-Mps)CO,, (16)

4

Where:
Apc, = Flue Gas Inlet Duct Area For Traverse Point i, ft?
CO,; = CO, Concentration In Area Aggy, Vol %

CP = Pitot Tube Flow Coefficient, Dimensionless
DP, = Velocity Head In Area A, in. WC

R
g
3
8

|

= CO, Flow To "A" & "B" Heat Pipes Respectively, SCFH

Traverse Point Number

-
It

M, = Flue Gas Mol Weight (wet) In Area Ar,, Ibs/imol
M, = Flue Gas Moisture In Area Ag;,, Mol Fraction
P = Duct Static Pressure In Area Ay, in. Hg

T, = Temperature In Area Ag,, °R

The flow split is then determined by:

SA - FACOZ (17)

(Fdo, + FBep)

(18)

1

SB =10 - S4

Where:
SA = Flow Split To "A" Side Air Heater, Fraction
SB = Flow Split To "B" Side Air Heater, Fraction

For the uncertainty calculations, the assumption 1s made that 90% of the fly ash goes overhead in
the boiler and that the bottom ash has one-third the carbon level of the overhead. The carbon in the
refuse is therefore:

- 10 -



1

H

il

Cﬂ
| AxOVHDC, 4x(1.0 - OVHD)x—*

c
. 1-C,

+

C
1.0 - =2
3

Coal Ash Content, Ibs/lb As Fired (AF) Coal
Coal Carbon Content, lbs/lb AF Coal
Carbon In Fly Ash, lbs/lb

Coal Carbon Burned, lbs/lb AF Coal
Fraction Fly Ash To Overhead, (0.9 For Calculations)

The average dry gas compositions to each heat pipe are determined by:

n  (Dpp,)"
ZAFGIi _./\7-7"— (- MFGIi)COi

=7 - il it

CO = X”:A DPP. 1/2(1 M
< FGli ML, FGIi
20 DPI.P . 12
Ao —2 1 - M_.,)CO,,
_5(7 i g FGII[ MT, ] ( FGIz) 2i
2, DPP 1”2
A | —=2 (A - Mg,
; FGli MT, ( k)
%A DFFy 1Q(l M_-)O
_ 5 FGli MT, FGIi/Y2i
2 iA DPP, 1/2(1 M
v FGli MT, FGli

The flue gas moisture mol fraction, M;;;, and the wet mol weight, M;, are:

211 -

(19)

(20)

(21)

(22)

(23)



V. . 0:05506K,
Fol - 0.055506K,, + 100K,

18.016K,, + K,(288.08C0O,, + 71.700,;, + 50481)
‘ K, + 1801.6K;,

Where:
12.01S

K 32.07
3
12.01(CO,;, + CO)

C, +

28.02(100 - CO, - CO,, - O)Ky, - N

K, = 8.936H + Wma
0.7685

+mf

and:
H = Coal Hydrogen, lbs/lb AF Coal
K;, = Constant Equivalent To mols Flue Gas /lb AF Coal/100
K4i

= Flue Gas Moisture In Area Ag;,, lbs/lb AF Coal
m, = Coal Moisture, 1bs/lb AF Coal

N = Coal Nitrogen, lbs/lb AF Coal
S = Coal Sulfur, lbs/lb AF Coal
Wma = Air Humidity, lbs/lb Bone Dry Air
CO, = Flue Gas Carbon Monoxide Level In Area Agg;, Vol %

CO,, = Flue Gas Carbon Dioxide Level In Area Aggy, Vol %
O,, = Flue Gas Oxygen Level In Area Ag;,, Vol %

(24)

(25)

(26)

(27)

To obtain the average flue gas moisture, M, Equations 26, 27, and 24 are evaluated replacing CO,,
CO,,, and O,; with CO, CO,, and O,. Once average values are obtained for the flue gas composition,

the amount of combustion air and the moisture in the flue gases are calculated by:
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28.02(100 - CO - CO, - O)( ., . 12018

1201CO + CO,)  \ & 3207 (28)
W, =
0.7685
and
Wy = 8936H + (WmaxWy) + m, (29)
Where:

W, = Combustion Air Requirement, lbs/lb AF Coal
W, = Inlet Flue Gas Moisture, Ibs/lb AF Coal

The flue gas inlet rate can be calculated using Equation (30):

(44.01C0, +32.020, +28.01CO +2g,027v;)( C,+ 12-01S]
w

32.07 (30)

12.01(CO + CO,) Mot

J—V; = Flue Gas Average Nitrogen Level (100 - Cco - .C_Oz - 52), Dry Vol %
W, = Flue Gas Inlet Rate (Wet), Ibs/lb AF Coal

In a sumilar fashion, the outlet flue gas rate from each heat pipe is calculated. The Power Test
Code® (para. 5.4) recommends that the flue gas rates be calculated from the fuel analysis and flue
gas composition as shown above. The method yields the pounds of flue gas produced per pound of
as-fired fuel. The total flue gas rate is then determined from the product of this calculation and the
measured fuel feed rate. Rates in Ibs/hr to and from the "A" side heat pipe are:

Wiper = WopW,xS4 (31)
Wrrco = Woo*Wp*SA (32)
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Where:
W, = Flue Gas Inlet Rate Based On "A" Side Conditions, lbs/lb AF Coal

Wso = Flue Gas Outlet Rate Based On "A" Side Conditions, Ibs/lb AF Coal
er = As Fired Coal Rate, Ibs/hr
SA = Flue Gas Flow Split To "A" Side, Fraction

Based on the above, the flue gas flow rate calculation is complicated, involving several steps and
depending upon a large number of variables. To expidite the uncertainty calculations, the Maple
relational math computer program was used. The program input is the series of equations leading
to the desired final result. The program then generates a single equation from the series of equations.
The single equation is differentiated to obtain the sensitivities. Parameter variances are then
separately propogated to obtain the result term bias and random errors. Additionally, for the bias
calculations, the program is set up to include covarances for dependent variables.

The computer outputs for the flue gas flow rate uncertainty estimates are presented in Appendices
C through H. The reader is cautioned that some printouts contain extraneous calculations which are
not needed for the calculation of the specific result shown. For example, the primary air flow and
air leak results are shown in the flue gas inlet flow bias error calculation (Appendix G-1). These
calculations are superfluous to the flue gas rate calculation. The reason is that program files were
copied and modified to suit specific calculation needs. Frequently, not all unrelated calculations
were eliminated from a modified file. The reader should be aware that only lines with a right facing
carrot (>) are executed by the program. Otherwise, the statement is assumed to be a comment by
the program. On some print outs comments have been "penciled in" to help with interpertation.

Some problems exceeded the memory of the PC used (i.e. > 40 Megabytes RAM and 60 Megabytes
virtual memory). Examples are the bias and random error calculations for average dry gas
compositions where pitot traverses contain more than about 10 or 12 data points. The problem was
overcome by extrapolating program results for a small number of traverse points. The bias errors
were found to be independent of the number of traverse points and the random errors varied
inversely with the square root of the number of data points (a result expected based on the statistics
of averaging several measurements'”).

To reduce the complexity of calculating flue gas flow rate bias and random errors, the bias and
random errors for the average dry gas compositions were first calculated and then used via error
propogation. This was done because of machine memory limitations as mensioned above.
Appendix C-1 contains the bias error associated with the average CO, concentration at the inlet of
aheat pipe, based on pitot traverses. Two calculations are presented for 2 point and 4 point traverse
data. The results show that the bias is independent of the number of traverse points and is equal to
the input bias shown in Table 1. Therefore, the biases for CO and O, are the same as shown in
Table 1.
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The random errors associated with the calculation of the average inlet dry flue gas compositions are
shown in Appendices D-1 through D-3, and for the outlet compositions in Appendices E-1 through
E-3. Appendix D-1 shows the random error associated with the calculation of the inlet dry CO,
concentration for 8 point and 12 point traverses. Direct calculation of the results for 20 point
traverses was not possible because of computer memory limitations. However, as shown in the D-1
Appendix results, extrapolation of the 8 point and 12 point travese results to 20 point, gives the same
result.

Appendices F-1 and F-2 present the bias and random errors respectively for the flue gas inlet flows.
Appendices G-1 through G-4 are the bias and random error calculations for the flue gas outlet flows.
Two cases are presented. Case 1 is for zero air leak into the flue gas, Case 2 1s for nominal air leak
of 6.9 wt %. Appendices H-1 and H-2 show the bias and random errors associated with the estimate
of the flue gas flow split between the heat pipes. The split calculation is included here since it is
needed to properly estimate the absolute flow rate to each heat pipe (see Equation 31).

The results of the flue gas flow rate uncertainty calculations are summarized in Table 4. For the flue
gas inlet flows, conditions were selected which provided approximately the design flue gas rate of
750,000 Ib/hr to each heat pipe. For the flow split calculation, conditions were selected which
provided different gas compositions to each heat pipe and approximately a 50/50 gas split between
the two heat pipes. The results indicate that the uncertainty in the flue gas flows is less than 6.5%
relative and the uncertainty in the flow split is less than 1 % relative.

Table 4
Uncertainty Estimates for Flue Flow Rates
and Inlet Flow Split Between Heat Pipes
Uncertainty
Bias Error Random Error 95% Interval
Value Abs Rel Abs Rel Abs Rel
Stream 1bs/hr lbs/hr %o Ibs/hr % 1bs/hr %
Flue Gas In 754,800 47,400 6.28 5,680 0.75 48,700 6.46
Flue Gas Out
No Leak 754,800 47,200 6.25 3,460 0.46 47,700 6.32
Flue Gas Out
With Leak 806,592 50,458 6.26 3,708 0.46 51,000 6.32
Flow Split to
'A' Side (SA) 51.7% 0.2214% 0.43 0.2175% 0.49 0.49% 0.94

Secondary Air Flow Rate Uncertainty Calculations The primary air flows from the heat pipes
will be measured by pitot traverses of the outlet ducts. The secondary air rates will be calculated
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from a heat balances around the heat pipes. For either heat pipe the secondary air rate is determined
by the following equation:

_ WFGI[CPFG(T FGI~ T FGO) ‘(AL)CPAL(TFGO -T, ALI)] - WPAOCPPA(T PAO~ TPAI)
W.w = (33)
CPSA(TSAO -T, SAI)

Where:
AL = Fraction Air Leakage, Pounds Air Leak Per Pound Entering
Flue Gas
Cp,, = Leaked Air Specific Heat From T, To Tggo Btu/Lb-°F
Cpp; = Flue Gas Specific Heat From Trgr To Tygos Btullb-°F
Cppy = Primary Air Specific Heat From Tp,, To Tp,,, Btullb-°F
Cpgy = Secondary Air Specific Heat From Ty, To Tg,,, Btu/lb-°F
Wr = Flue Gas Flow In, Ib/lb A.F. Coal
Wouo = Primary Air Flow In, Ib/lb A.F. Coal
W, = Secondary Air Flow In, Ib/lb A.F. Coal
Teop Trgo = Flue Gas In, Out Temperature Respectively, °F
Tpy Tpso = Primary Air In, Out Temperature Respectively, °F
Tgup Tgqo = Secondary Air In, Out Temperature Respectively, °F
T, = Air Leak In Temperature (Same As Tg,), °F

Bias and random error calculations for the secondary air flows are shown in Appendices I-1 through
I-4. Appendices I-1 and 1-2 are for a zero leak case while Appendices I-3 and I-4 are for a 6.9 wt
% leak case. Table 5 summarizes the results.

Comparing Tables 3, 4, and Table 5 shows that the relative uncertainty in the secondary air rate 1s
somewhat less than for the primary air inlet and the flue gas inlet and outlet rates.

Air Leak Uncertainty Calculations The leak from air side to the flue gas side within the air heater
is calculated from the difference between the inlet and outlet flue gas flow rates by:
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4 W,
AL = G0 G100 (34)
WGI

Equation 34 represents the air leak as a weight percentage of the inlet flue gas flow rate.

Table 5
Uncertainty Estimates for Secondary Air Flow Rates
Uncertainty
Bias Error Random Error 95% Interval
Value Abs Rel Abs Rel Abs Rel
Stream Ibs/hr lbs/hr % 1bs/hr % Ibs/hr %

2nd Air

In/Out (Zero 573,700 28,800 5.02 3,890 0.68 29,900 5.20

Air Leak
Case)

2nd Air
In/Out (6.9 wt | 557,400 28,000 5.02 3,830 0.69 29,000 5.21
% Air Leak)

The uncertainty in the air leak calculation is summarized in Table 6. Calculations are presented in
Appendices J-1 to J-4 for a zero leak case and a case with air leak. For the zero leak case, the inlet
and outlet dry flue gas O, concentrations were both assumed to be 3.8 vol %. For the air leak case,
a 5.0 vol % average outlet O, concentration was assumed. This resulted ina 6.9 wt % calculated air
leak. The 95 % coverage uncertainties are similar for the two cases, i.e., 1.56 wt % for zero leak,
and 1.73 wt % for 6.9 wt % air leak. Since the heat pipe air heaters are designed for zero air leak,
the 6.9 w. % leak case indicates a significant mechanical failure. This level of air leakage should
be readily detected since the difference between inlet and outlet average O, levelsis 1.2 vol. % (i.e.,
5.0% - 3.8%) and the accuracy of the oxygen analyzer is 0.05 vol. % absolute.

The air leak uncertainties upon first inspection appear to be rather large. The relative uncertainty
for the zero leak case is infinity (or not defined) and is +25% for the 6.9 wt % leak case. However,
the absolute uncertainties actually translate into relatively small differences between inlet and outlet
average O, concentrations i.e., 0.29 and 0.32 vol. % for the no leak and with leak cases, respectively.
Again, this level of difference should be readily identified by inlet/outlet traverses and oxygen
analyzer readings.

Establishing that an absolute zero air leak is achieved will be time consuming and expensive since

alarge number of tests would likely be required. Based on the uncertainty results, one would expect
that for a zero leak rate, the test results would vary between £1.56 wt %. Therefore, CONSOL
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proposes that a zero leak be considered demonstrated if the calculated leak rate (after correction for
sootblower seal and vent valve leaks) is 1.6 wt % or less for two full load boiler tests.
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Table 6
Uncertainty Estimate for Air Leak

Uncertainty
Bias Error Random Error 95% Interval
Case Value Abs Rel Abs Rel Abs Rel
wt % wt % % wt % % wt % %
Zero Air Leak 0.0 0.020 ND 0.782 ND 1.56 ND
Air Leak Case 6.87 0.058 0.85 0.866 12.60 1.73 25.21

ND -- Not Defined

-19 -
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Appendix A
Bias and Random Error Calculations
Air and Flue Gas Stream Temperatures



Table A-1
Bias Error Calculation — Primary Air Inlet
Milliken Heat Pipe Air Preheater

Aversge  Sigma Sigma .
Value  Abeoclute Relative

Duct Size
Width, s 0.042 1.21%
Length, ft 178 0.042 0.24%
# of Points 12
Widthwise 2
Lengthwise []
Sector Width, fi 1.64 0.042 2.54%
Sector Length, ft 202 0.042 1.43%
A, Sector Area it~ 2 478 0.138 2901%
T,deg F 80 0.800 1.00%
T,.degR 540 0.800 0.15%
Spacial Blas, deg F 10 2.00 deg FLength increment Spacisl Blas
OP, In WC 0.005000 0.0001 2.00%
M, Ib/mol 2883 0.025 0.00%
Amb Pres, in. Hg 20.50
Duct Pres, in. WC 48.00
Ps. in. Hg Absolute A 0.040 0.13%
CP, Pirot Fact 084 0.0100 1.19%
Nominal Vel, fps 390 ACFM= 13831 SCFM= 13702 Ib/hre 82500
Input Dete Derivatives, dTa/dX (dTa/dX*Sigma) ~ 2
Point Al Cpi BYT Mi Pel T (1) [ts] aTeram EACTLY aTalcr EACY D] EACYCLY] aTaldbel 3TN ZTJII%II J1dCPTESCh 3’35”’55! 1T I P17 |2 Y
1 478 0.84 0.005069 28.85 na 535.0 0.371 1986 B8.41E02 -8.73E-02 -4.07E-0t 4.1E+0t -7.2603 -8.7E-03 4.53E-03 1.48E-04 247E08 1.74E-05 3.28E-08 7.21E-08
2 478 0.84 0.0050060 26.85 na 537.0 0.371 1000 B.38E02 -8.226-02 -297E-01 -25E+01 -4.3E-03 -4.0E-03 4.40E-03 8.30E-05 8.84E-08 6.24E-08 1.17E-08 2.58E-08
3 478 0.84 0.005000 20.85 na 5300 0.370 190.4 835602 -1.72602 -9.82E-02 -8.1E+00 -1.4E-03 -1.3E-03 4.46€E-03 5.78€-08 9.865E07 6.81E-07 1.28E-00 282600
4 478 084 0.005000 2085 N 541.0 0.300 190.7 832602 1.76E-02 1.00E-01 8.30E+00 1.46E-03 1.35E-03 4.43E-03 6.02£-08 1.00€-00 7.08E-07 1.33E-00 293E-00
S 478 0.84 0.005000 28.85 na 8430 0.300 2001 B8.20E02 523602 208E-01 24TE+401 4.34E-03 4.01E-03 4.40E-03 $.32€£-06 8.87E08 06.20E-08 1.18E-08 2.50€-08
] 478 0.64 0.005060 26.85 1 545.0 0.388 2005 6.20E02 B8.00E-02 4.05E-01 4.10E4+01 7.20E-03 6.65E-03 4.36E-03 1.47€E-04 2.45E-08 1.73E05 3. 24E-08 7.14E-08
7 478 0.84 0.005069 28.85 N 5350 0.371 1986 S8.41E02 -8.73E-02 -4.07E-01 4.1E+01 -7.2€-03 -8.7E-03 4.53E-03 1.45E-04 247E-05 1.74E05 3.28€-08 7.21E-08
8 4.78 0.84 0.005069 20.85 N2 537.0 0.374 1900 8.38E-02 -5.226€-02 -207E01 -25E+01 -4.3E-03 -4.0E-03 4.49E-03 8.30€-05 8.84E-00 8.24E06 1.17E-08 2.58E-08
[} 4.78 0.84 0.005060 .85 313 530.0 0.370 190.4 835602 -1.72€-02 -0.826-02 -8.1E4+00 -1.4E-03 -1.3E-03 4.46E-03 5.78E-06 9.65E-07 8.81E07 1.28E-00 282600
10 478 0.84 0.0050080 28.85 na 541.0 0.360 1990.7 832602 1.76E-02 1.00E-01 8.30E+00 1.46E-03 1.35€-03 4.43E-03 6.026-06 1.00E-08 7.08€-07 1.33E-00 2.93E-00
1" 4.78 0.84  0.005069 28.85 s 543.0 0.360 200.1 6.206-02 S.22E-02 208E-01 247E+01 4.34E-03 4.01E-03 4.40E-03 532605 8.87E-06 0.28E-08  1.18E-08 2.50€E-08
12 478 0.84 0.005080 28.85 1z 5450 0.388 2008 0.26E-02 8.00E-02 4.95E-01 4.10E+01 7.20E-03 B.65E-03 4.36E-03 1.47€-04 24SE-05 1.73E-05 3.24E-08 7.14E-08
Tomp - Simple Averag 54000  Sumt Bum2 T A cpP DP ] Ps
Temperature — Weighted Average 530.99 4.434 23046 Contributions (3) 6.40E-01 8.47E-20 -8 47E-21 -203E-20 281E-23 -8.27E-M
(1) AI*CPIOPI*MI*Pel/TI)~05 Total Sigme ~ 2 0.04
(2 AI*CPI(DPI*MI*Pei*TI)~ 0.5 Tavg Sigma 0.80 degF

(3) Conuibutions include Cross Product Terms



d/dTi*d/dTj*STi*STj

Table A-1 (Continued)
Cross Product Terms

4.51E-03
4.49E-03
4.48E-03
4.46E-03
4.44E-03
4.53E-03
4.51E-03
4.49E-03
4.48E-03
4.46E-03
4.44E-03

4.93E-02

4.51E-03

4.48E-03
4.46E-03
4.44E-03
4.43E-03
4.51E-03
4.49E-03
4.48E-03
4.46E-03
4.44E-03
4.43E-03

4.91E-02

4.49E-03
4.48E-03

4.44E-03
4.43E-03
4.41E-03
4.49E-03
4.48E-03
4.46E-03
4.44E-03
4.43E-03
4.41E-03

4.90E-02

d/dDPi*d/dDPj*SDPi*SDPj

4.48E-03
4.46E-03
4.44E-03

4.41E-03
4.40E-03
4.48E-03
4.46E-03
4.44E-03
4.43E-03
4.41E-03
4.40E-03

4.88E-02

4.46E-03
4.44E-03
4.43E-03
4.41E-03

4.38E-03
4.46E-03
4.44E-03
4.43E-03
4.41E-03
4.40E-03
4.38E-03

4.86E-02

4.44E-03
4.43E-03
4.41E-03
4.40E-03
4.38E-03

4.44E-03
4.43E-03
4.41E-03
4.40E-03
4.38E-03
4.36E-03

4.85E-02

4.53E-03
4.51E-03
4 .49E-03
4.48E-03
4.46E-03
4.44E-03

4.51E-03
4.49E-03
4.48E-03
4.46E-03
4.44E-03

4.93E-02

4.51E-03
4.49E-03
4.48E-03
4.46E-03
4.44E-03
4.43E-03
4.51E-03

4.48E-03
4.46E-03
4.44E-03
4.43E-03

4.91E-02

4.49E-03
4.48E-03
4.46E-03
4.44E-03
4.43E-03
4.41E-03
4.49E-03
4.48E-03

4.44E-03
4.43E-03
4.41E-03

4.90E-02

4.48E-03
4.46E-03
4.44E-03
4.43E-03
4.41E-03
4.40E-03
4.48E-03
4.46E-03
4.44E-03

4.41E-03
4.40E-03

4.88E-02

4.46E-03
4.44E-03
4.43E-03
4.41E-03
4.40E-03
4.38E-03
4.46E-03
4.44E-03
4.43E-03
4.41E-03

4.38E-03

4.86E-02

4.44E-03
4.43E-03
4.41E-03
4.40E-03
4.38E-03
4.36E-03
4.44E-03
4.43E-03
4.41E-03
4.40E-03
4.38E-03

4.85E-02

1.04E-05
3.45E-06
-3.52E-06
-1.05E-05
-1.74E-05
1.74E-05
1.04E-05
3.45E-06
-3.52E-06
-1.05E-05
-1.74E-05

-1.74E-05

d/dMi*d/dMj*SMi*SMj

1.04E-05

2.06E-06
-2.10E-06
-6.25E-06
-1.04E-05
1.04E-05
6.24E-06
2.06E-06
-2.10E-06
-6.25E-06
-1.04E-05

-6.24E-06

3.45E-06
2.06E-06

-6.94E-07
-2.06E-06
-3.43E-06
3.45E-06
2.06E-06
6.81E-07
-6.94E-07
-2.06E-06
-3.43E-06

-6.81E-07

-3.52E-06
-2.10E-06
-6.94E-07

2.11E-06
3.50E-06
-3.52E-06
-2.10E-06
-6.94E-07
7.08E-07
2.11E-06
3.50E-06

-7.08E-07

-1.05E-05
-6.25E-06
-2.06E-06

2.11E-06

1.04E-05
-1.05E-05
-6.25E-06
-2.06E-06
2.11E-06
6.26E-06
1.04E-05

-6.26E-06

-1.74E-05
-1.04E-05
-3.43E-06
3.50E-06
1.04E-05

-1.74E-05
-1.04E-05
-3.43E-06
3.50E-06
1.04E-05
1.73E-05

-1.73E-05

1.74E-05
1.04E-05
3.45E-06
-3.52E-06
-1.05E-05
-1.74E-05

1.04E-05
3.45E-06
-3.62E-06
-1.05E-05
-1.74E-05

-1.74E-05

1.04E-05
6.24E-06
2.06E-06
-2.10E-06
-6.25E-06
-1.04E-05
1.04E-05

2.06E-06
-2.10E-06
-6.25E-06
-1.04E-05

-6.24E-06

3.45E-06
2.06E-06
6.81E-07
-6.94E-07
-2.06E-06
-3.43E-06
3.45E-06
2.06E-06

-6.94E-07
-2.06E-06
-3.43E-06

-6.81E-07

-3.52E-06
-2.10E-06
-6.94E-07
7.08E-07
2.11E-06
3.50E-06
-3.52E-06
-2.10E-06
-6.94E-07

2.11E-06
3.50E-06

-7.08E-07

-1.05E-056
-6.25E-06
-2.06E-06
2.11E-06
6.26E-06
1.04E-05
-1.05E-05
-6.25E-06
-2.06E-06
2.11E-06

1.04E-05

-6.26E-06

-1.74E-05
-1.04E-05
-3.43E-06
3.50E-06
1.04E-05
1.73E-05
-1.74E-05
-1.04E-05
-3.43E-06
3.50E-06
1.04E-05

-1.73E-05

1.96E-08
6.47E-09
-6.60E-09
-1.96E-08
-3.26E-08
3.28E-08
1.96E-08
6.47E-09
-6.60E-09
-1.96E-08
-3.26E-08

-3.28E-08

1.96E-08

3.87E-09
-3.95E-09
-1.17E-08
-1.95E-08
1.96E-08
1.17E-08
3.87E-09
-3.95E-09
-1.17E-08
-1.95E-08

-1.17E-08

File: PATIB.WQ2

6.47E-09
3.87E-09

-1.30E-09
-3.88E-09
-6.44E-09
6.47E-09
3.87E-09
1.28E-09
-1.30E-09
-3.88E-09
-6.44E-09

-1.28E-09

-6.60E-09
-3.95E-09
-1.30E-09

3.95E-09
6.57E-09
-6.60E-09
-3.95E-09
-1.30E-09
1.33E-09
3.95E-09
6.57E-09

-1.33E-09

-1.96E-08
-1.17E-08
-3.88E-09

3.95E-09

1.95E-08
-1.96E-08
-1.17E-08
-3.88E-09
3.95E-09
1.18E-08
1.95E-08

-1.18E-08

-3.26E-08
-1.95E-08
-6.44E-09
6.57E-09
1.95E-08

-3.26E-08
-1.95E-08
-6.44E-09
6.57E-09
1.95E-08
3.24E-08

-3.24E-08

3.28E-08
1.96E-08
6.47E-09
-6.60E-09
-1.96E-08
-3.26E-08

1.96E-08
6.47E-09
-6.60E-09
-1.96E-08
-3.26E-08

-3.28E-08

1.96E-08
1.17E-08
3.87E-09
-3.95E-09
-1.17E-08
-1.95E-08
1.96E-08

3.87E-09
-3.95€-09
-1.17E-08
-1.95E-08

-1.17E-08

6.47E-09
3.87E-09
1.28E-09
-1.30E-09
-3.88E-09
-6.44E-09
6.47E-09
3.87E-09

-1.30E-09
-3.88E-09
-6.44E-09

-1.28E-09

-6.60E-09
-3.95E-09
-1.30E-09
1.33E-09
3.95E-09
6.57E-09
-6.60E-09
-3.95E-09
-1.30E-09

3.95E-09
6.57E-09

-1.33E-09

-1.96E-08
-1.17E-08
-3.88E-09
3.95E-09
1.18E-08
1.95E-08
-1.96E-08
-1.17E-08
-3.88E-09
3.95E-09

1.95E-08

-1.18E-08

-3.26E-08
-1.95E-08
-6.44E-09
6.57E-09
1.95E-08
3.24E-08
-3.26E-08
-1.95E-08
-6.44E-09
6.57E-09
1.95E-08

-3.24E-08



d/dPsi*d/dPsj*SPsi*SPsj

Table A-1 (Continued)
Cross Product Terms

4.31E-08
1.43E-08
-1.45E-08
-4.32E-08
-7.18E-08
7.21E-08
4.31E-08
1.43E-08
-1.45E-08
-4.32E-08
-7.18E-08

-7.21E-08

4.31E-08

8.52E-09
-8.69E-09
-2.58E-08
-4.29E-08
4.31E-08
2.58E-08
8.52E-09
-8.69E-09
-2.58E-08
-4.29E-08

-2.58E-08

1.43E-08
8.52E-09

-2.87E-09
-8.54E-09
-1.42E-08
1.43E-08
8.52E-09
2.82E-09
-2.87E-09
-8.54E-09
-1.42E-08

-2.82E-09

d/dCPi*d/dCPj*SCPi*SCP;j

-1.45E-08
-8.69E-09
-2.87E-09

8.71E-09
1.45E-08
-1.45E-08
-8.69E-09
-2.87E-09
2.93E-09
8.71E-09
1.45E-08

-2.93E-09

-4.32E-08
-2.58E-08
-8.54E-09

8.71E-09

4.30E-08
-4.32E-08
-2.58E-08
-8.54E-09
8.71E-09
2.59E-08
4.30E-08

-2.59E-08

-7.18E-08
-4.29E-08
-1.42E-08
1.45E-08
4.30E-08

-7.18E-08
-4.29E-08
-1.42E-08
1.45E-08
4.30E-08
7.14E-08

-7.14E-08

7.21E-08
4.31E-08
1.43E-08
-1.45E-08
-4.32E-08
-7.18E-08

4.31E-08
1.43E-08
-1.45E-08
-4.32E-08
-7.18E-08

-7.21E-08

4.31E-08
2.58E-08
8.52E-09
-8.69E-09
-2.58E-08
-4.29E-08
4.31E-08

8.52E-09
-8.69E-09
-2.58E-08
-4.29E-08

-2.58E-08

1.43E-08
8.52E-09
2.82E-09
-2.87E-09
-8.54E-09
-1.42E-08
1.43E-08
8.52E-09

-2.87E-09
-8.54E-09
-1.42E-08

-2.82E-09

-1.45E-08
-8.69E-09
-2.87E-09
2.93E-09
8.71E-09
1.45E-08
-1.45E-08
-8.69E-09
-2.87E-09

8.71E-09
1.45E-08

-2.93E-09

-4.32E-08
-2.58E-08
-8.54E-09
8.71E-09
2.59E-08
4.30E-08
-4.32E-08
-2.58E-08
-8.54E-09
8.71E-09

4.30E-08

-2.59E-08

-7.18E-08
-4.29E-08
-1.42E-08
1.45E-08
4.30E-08
7.14E-08
-7.18E-08
-4.29E-08
-1.42E-08
1.45E-08
4.30E-08

-7.14E-08

1.48E-05
4.88E-06
-4.98E-06
-1.48E-05
-2.46E-05
2.47E-05
1.48E-05
4.88E-06
-4.98E-06
-1.48E-05
-2.46E-05

-2.47E-05

1.48E-05

2.92E-06
-2.98E-06
-8.86E-06
-1.47E-05
1.48E-05
8.84E-06
2.92E-06
-2.98E-06
-8.86E-06
-1.47E-05

-8.84E-06

d/dAi*d/dAj*SAi*SAj

4.88E-06
2.92E-06

-9.84E-07
-2.93E-06
-4.86E-06
4.88E-06
2.92E-06
9.65E-07
-9.84E-07
-2.93E-06
-4.86E-06

-9.65E-07

-4.98E-06
-2.98E-06
-9.84E-07

2.98E-06
4.96E-06
-4.98E-06
-2.98E-06
-9.84E-07
1.00E-06
2.98E-06
4.96E-06

-1.00E-06

-1.48E-05
-8.86E-06
-2.93E-06

2.98E-06

1.47E-05
-1.48E-05
-8.86E-06
-2.93E-06
2.98E-06
8.87E-06
1.47E-05

-8.87E-06

-2.46E-05
-1.47E-05
-4.86E-06
4.96E-06
1.47E-05

-2.46E-05
-1.47E-05
-4.86E-06
4.96E-06
1.47E-05
2.45E-05

-2.45E-05

2.47E-05
1.48E-05
4.88E-06
-4.98E-06
-1.48E-05
-2.46E-05

1.48E-05
4.88E-06
-4.98E-06
-1.48E-05
-2.46E-05

-2.47E-05

1.48E-05
8.84E-06
2.92E-06
-2.98E-06
-8.86E-06
-1.47E-05
1.48E-05

2.92E-06
-2.98E-06
-8.86E-06
-1.47E-05

-8.84E-06

4.88E-06
2.92E-06
9.65E-07
-9.84E-07
-2.93E-06
-4.86E-06
4.88E-06
2.92E-06

-9.84E-07
-2.93E-06
-4.86E-06

-9.65E-07

-4.98E-06
-2.98E-06
-9.84E-07
1.00E-06
2.98E-06
4.96E-06
-4.98E-06
-2.98E-06
-9.84E-07

2.98E-06
4.96E-06

-1.00E-06

-1.48E-05
-8.86E-06
-2.93E-06
2.98E-06
8.87E-06
1.47E-05
-1.48E-05
-8.86E-06
-2.93E-06
2.98E-06

1.47E-05

-8.87E-06

-2.46E-05
-1.47E-05
-4.86E-06
4.96E-06
1.47E-05
2.45E-05
-2.46E-05
-1.47E-05
-4.86E-06
4.96E-06
1.47E-05

-2.45E-05

8.86E-05
2.93E-05
-2.99E-05
-8.88E-05
-1.47E-04
1.48E-04
8.86E-05
2.93E-05
-2.99E-05
-8.88E-05
-1.47E-04

-1.48E-04

8.86E-05

1.75E-05
-1.79E-05
-5.31E-05
-8.82E-05
8.86E-05
5.30E-05
1.75E-05
-1.79E-05
-6.31E-05
-8.82E-05

-5.30E-05
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2.93E-05
1.75E-05

-5.90E-06
-1.75E-05
-2.91E-05
2.93E-05
1.75E-05
5.78E-06
-5.90E-06
-1.75E-05
-2.91E-05

-5.78E-06

-2.99E-05
-1.79E-05
-5.90E-06

1.79E-05
2.97E-05
-2.99E-05
-1.79E-05
-5.90E-06
6.02E-06
1.79E-05
2.97E-05

-6.02E-06

-8.88E-05
-5.31E-05
-1.75E-05

1.79E-05

8.84E-05
-8.88E-05
-5.31E-05
-1.75E-05
1.79E-05
5.32E-05
8.84E-05

-5.32E-05

-1.47E-04
-8.82E-05
-2.91E-05
2.97E-05
8.84E-05

-1.47E-04
-8.82E-05
-2.91E-05
2.97E-05
8.84E-05
1.47E-04

-1.47E-04

1.48E-04
8.86E-05
2.93E-05
-2.99E-05
-8.88E-05
-1.47E-04

8.86E-05
2.93E-05
-2.99E-05
-8.88E-05
-1.47E-04

-1.48E-04

8.86E-05
5.30E-05
1.75E-05
-1.79E-05
-5.31E-05
-8.82E-05
8.86E-05

1.75E-05
-1.79E-05
-5.31E-05
-8.82E-05

-56.30E-05

2.93E-05
1.75E-05
5.78E-06
-5.90E-06
-1.75E-05
-2.91E-05
2.93E-05
1.75E-05

-5.90E-06
-1.75E-05
-2.91E-05

-5.78E-06

-2.99E-05
-1.79E-05
-5.90E-06
6.02E-06
1.79E-05
2.97E-05
-2.99E-05
-1.79E-05
-5.90E-06

1.79E-05
2.97E-05

-6.02E-06

-8.88E-05
-5.31E-05
-1.75E-05
1.79E-05
5.32E-05
8.84E-05
-8.88E-05
-5.31E-05
-1.75E-05
1.79E-05

8.84E-05

-5.32E-05

-1.47E-04
-8.82E-05
-2.91E-05
2.97E-05
8.84E-05
1.47E-04
-1.47E-04
-8.82E-05
-2.91E-05
2.97E-05
8.84E-05

-1.47E-04



Aversge Sigma Sigme
Value  Absociute Relative
Jct Size
dia. ft 4 0.042 1.04%
angth, it
# of Points 20
dla. #1 10
Jla. #2 10
A, Sector Area 2 0.3 0.013 208%
deg F 644 6.440 1.00%
deg R 1104 6.440 0.38%
»mp Bias, deg F 100 11.11 deg F/Length Increment Spacle! Blas
P, in WC oan 0.0043 2.00%
. Ib/mol 28.85 0023 0.00%
b Pres, In. Hg 290.50
uct Pres, in. WC 44.50
3, in. Hg Absolute N 0.040 0.13%
P, Pitot Fact 084 0.0100 1.18%
aminal Vel, fps 37.11  ACFM= 27082 SCFM= 13702
input Data
Point Al CPi OPi Mi ]
1 0863 0.64 o217t 28.85 EIRA]
2 (X X) 084 0.217% 2885 tn
3 06l 0.84 oan 2865 EIRD]
4 0.63 084 0.217¢ 28.83 n
E) 063 084 o.M 28.05 EIRA}
[ 063 084 o217 2865 3111
7 063 0.84 02171 2885 N
] 063 084 0.2171 8.8 KIRA}
® 063 084 oan 28.85 kIR
10 063 0.84 o217 28.85 3
" [ X k) 0.84 oM 0.8 3
12 063 0.84 oan 28.88 tn
13 063 0.84 o217 28.85 EARA]
AL 063 0.04 0.2171 2885 N
13 06l 0.64 o211 20.08 3111
16 0.63 0.04 o7 28.85 N
17 083 0.04 0.1 28.85 N
\1) 0863 0.84 0217 28.85 L
19 083 0.84 o271 2085 3t
0 083 084 0.2171 2085 KIRE)
Temperature - Simple Average
Temperature — Welghted Aversge
1) AJ*CPI{DPI*MI*Psal/TI)~ 0.9

?2) AI*CPI{DPI*MI*Pal*T])~ 0.5
3) Conuibutions include Cross Product Terms

Ibhre 62500
n (1)

1054.0 0.227
1005.1 0.228
1070.2 0.223
1087.3 0.2
1008.4 0.222
1100.6 0.221
1207 0.220
1318 0.219
11429 0.218
1154.0 0.217
1054.0 0.227
1068.1 0.226
1076.2 0.225
1087.3 0223
1008.4 0.222
11006 0.221
1207 0.220
1318 0.219
11429 0.218
1154.0 0.217
11040  Sumi
11035 4.430

2
092
240.4
241.7
2429
244.2
2454
2406
2478
2401
2503
20.2
2404
2407
2429
442
2454
2400
2478
22401
203
Sum2
4693.0

Table A-2
Bias Error Calculation — Primary Air Outlet
Milliken Heat Pipe Air Preheater

Derivatives, dTa/dX (dTa/dX*Sigma) ~ 2
aTaldTl  QTa/GAl . dTa/dCPl  dTa/dDPI  dla/dMi  dia/dPsl GIATISSTI . 9IGAISAl  d/dCPI*SCPI d/dOPI-SDPI d/dMI*SMI d/dPai*SPel
S.236E-02 -4.03E+00 -30E+00 -584E+00 4I9E-02 -4.07€-02 114601 2.70E-03 0.10E04 042604 1.21E08  268E-08
S.18E02 -3.11E+400 -233E400 -4.50E400 -3.39E-02 -3.14E-02 1L.1EO1  1.06E-03 5404 3804 T.A8EDT  1.50E-00
5.13E02 -2.20E400 -1.05E400 -3.18E400 -2.40E-02 -2.22€-02 1.00E01  8.30E-04 271E04  101E04 330E07  7.97€-07
SO7E02 -1.30E+00 -9.72E01 -1.88E400 -1.41€02 -1.31E-02 107E01  2.80E-04 044E05  OO00E05 1.25607  2.78E-07
502602 -400E01 -3.04E01 -588E01 -4.42603 -4.106-03 1.05E01  2.83E-05 0.20E08 65208 1.22608 27208
497E02 ATIEO1  3STE-01  BOEO1  S.20E03 482603 103601  391E-05 1.28E-08 000E-08 160E08  3.756-08
492602 1356400 101E4+00 196E+00 1.47E-02  1.37E-02 101E-01  3.13E-04 102604 722605 136607  3.01E07
488E-02 2226400 1.00E4+00 3.21E400 242602  2.24E-02 988E02  B.44E-04 275E04 104E04 36507  B.10E-07
483E02 3.08E+00 230E+00 4.45E400 3.3SE02  3.11E-02 067602  1.626-03 5.30E04 3.74E04 7.026-07  156E-08
478602 303E+00 204E4+00 B5.68E+00 4.28E02  3.07E-02 0.48E02  2.64E-03 863E04 OO0GE04 1.14E08  254E-06
5.24E-02 4.03E400 -302E+00 -5.64E400 -4.30E-02 -4.07E-02 1.14E01  2.79E03 9.10E04 04204 1.21E06  263E-08
$.18E02 -3.11E400 -233E+00 -4.50E400 -3.39E-02 -3.14E-02 1.1E01  1.80E-03 SAZEO04 382604 T.ABE07  1.50E-06
S.13E02 -2.20E400 -1.85E400 -3.18E400 -240E02 -2.226-02 100E-01  8.30E-04 271E04  101E-04 3S0E07  7.97E0?
S07E02 -1.30E400 -9.72E-01 -1.88E400 -141E-02 -1.31E-02 107601 2.80E-04 QA4E05 GO00E0S 1.25607  278E07
8.026:02 -4.00E01 -3OME01 -5.88E-01 -4.426E-03 -4.10E-03 108E01  2.83€-05 0.236-00 682600 1.22608 27208
497E02 ATTEO1 ISTEO1 6.91E01 520603  4.82€-03 1.03E-01  391E-05 1.20E05 0.00E-08 1.00E08  3.75€-08
492602 1356400 101E4+00 196E4+00 147E-02 137E-02 101E01  3.13E-04 102604 7.22605 1.36E07  3.01E-07
4.88E02 2226400 106E400 3.21E400 242602 2.24E02 0.86E02  B.44E-04 275604 184E-04 365607  8.10E-07
483E02 3086400 230E4+00 4.4SE400  3.3SE-02 3.11E02 0.67E02  1.626-:03 S30E04 3.T4E-04  TOZEOT 158608
4T8E02 39206400 204E+00 S.68E4+00 4.28E-02 397E-02 948E02  2.64E-03 B63E04 OO00E-D4  1.14E08  2.54E-08
Y A cp op ™ Ps
Contributions (3) 415E401 102618  176E-19  S00E-19 -1.0621  1.85E-22
Total Sigma~ 2 4151

Tavg Sigma 6.44 d_og F



1dTI*d/dT)*8TI*8T)

Table A-2 (Continued)
Cross Product Terms

1.12E-01 1.11E-01 1.10E-01 1.09E-01 1.08E-01 T.07E-01 1.06E-01 1.05E-01 1.04E-01 1.14E-01 1.12E-01 1.41E-01  1.10E-0% 1.09E-01 1.08E-01 1.07601 1.08E-01 1.05€-01 1.04E-01
1.12€-01 1.10E-01 1.09E-01 1.08E-01 1.07E-01 1.06E-01 1.05E-01 1.04E-01 1.03E01 1.12E01 1.11E-01 1.10E-0f 1.00E-01 1.08E-01 1.07E-O% 1.06€E-01 1.05E-01 1.04E-01 1.03E-01
1.11E-01  1.10E-01 1.08E-01 1.07E-01 1.06E-01 1.05E-01 1.04E-01 1.03E-Ot 1.02E-01 1.11E-01 1.10E-01 1.09E-01 1.08E-O% 1.07€-01 1.08E-01 1.05E-01 1.04E-01 1.03€-01 1.02E-01
1.10E-01 1.00E-01 1.08E-O1 1.08E-01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 1.10E-01 1.08E-01 1.08E-01 1.07E-01 1.06E-01 1.05E-01 1.04E-01 1.03E-01 1.02€-01 1.01E-01
1.09E-0t 1.08E-01 1.07E-01 1.06E-O1 1.04E-01 1.03E-01 1.02E-01 1.01E-01 9.096E02 1.09E-01 1.08£-01 1.07E-01 1.08E-01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 9.06E-02
1.08E-01 1.07E-01 1.06E-01 1.05E-01 1.04E-Ot 1.02E01 1.01E-01 9.96E-02 ©.86E-02 1.08E-01 1.07E-01 1.08E-01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 9.96E-02 0.86E-02
1.07€-01 1.08E-01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 9.95E-02 0.86E-02 9.76E-02 1.07E-01  1.06E-01 1.05E-01  1.04E-O1 1.03E-01 1.02E-01 1.01E-01 9.95E-02 9.86E-02 9.76E-02
1.06E-01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 995E-02 9.76E-02 9.67€E-02 1.06E-01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 9.95E-02 9.86E-02 9.76E-02 9.67E-02
1.05€-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 9.98E-02 9.86E-02 9.76E-02 9.58E-02 1.05E-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 9.96E-02 9.86E-02 9.76E-02 9.67E-02 9.58E-02
1.04E-01 1.03E01 1.02E-01 1.01E-01 9.96E-02 9.86E-02 0.76E-02 9.67E-02 ©.58E-02 1.04E-01 1.03E-01 1.02E-01 1.01E-0Y 9.96E-02 9.86E-02 9.76E-02 9.67€-02 9.58E-02 9.48E-02
1.14E01 1.12E01 1.11E-01 1.10E-01 1.09E-01 1.08E01 1.07E-01 1.06E-01 1.05E-0% 1.04E-01 1.126-01  1.11E-01  1.10E-01 1.00E-01 1.08E-01 1.07€-01 1.08E-01 1.05E-01 1.04E-01
1.12E-01 1.11E01 1.10E-01 1.00E-01 1.08E-01 1.07E-01 1.06E-01 1.05E-01 1.04E-01 1.03E-01  1.12E-01 1.10E-01  1.09E-01 1.08E-01 1.07E-O% 1.06E-01 1.05€-01 1.04E-01 1.03E-01
1.11€-01 1.10E-01 1.09E-01 1.08E-01 1.07E-01 1.08E-01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 1.11E-01  1.10E-0% 1.08E-01 1.07E€-01 1.06E-0% 1.05E-01 1.04E-01 1.03E-01 1.02E-01
1.10E01 1.09E-01 1.08E-01 1.07E-01 1.06E-01 1.05E-01 1.04E-01 1.03E-01 1.02E-0% 1.01E-0f 1.10E-0t 1.00E-01 1.08E-0f 1.08£-01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01
109E-01 1.08E-01 1.07E-01 1.06E-01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 ©0.96E-02 1.00E-01 1.08E-01 1.07E-01 1.06E-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 9.96E-02
1.08E-01 1.07E-01 1.06E-01 1.0SE-01 1.04E-01 1.03E01 1.02E-01 1.01E-01 9.96E-02 ©0.86E-02 1.08E-01 1.07E-01 1.08E-01 1.05E-01 1.04E-01 1.02E-01 1.01E-01 9.96E-02 9.86E-02
JO7E01 1.06E-01 1.05E-01 1.04E-01 1.03E-01 1.02E01 1.01E-01 985602 9.86E-02 0.76E-02 1.07E-01 1.06E01 1.05E-01 1.04E-01 1.03E-01 1.02E-01 9.95E-02 9.86E-02 9.76E-02
1.06E-01 1.0SE-01 1.04E01 1.03E-01 1.02E-01 1.01E-01 ©.95E-02 0.86E-02 9.76E-02 0.67E-02 1.06E-01 1.05E-01 1.04E-0t 1.03E-01 1.02E-01 1.01E-O1 0.95E-02 9.76€E-02 9.67E-02
1 0SE-01 1.04E-01 1.03E-01 1.02E-01 1.01E-01 0©.96E-02 0.86E-02 9.76E-02 9.67E-02 9.58E-02 1.05E-01 1.04E-01 1 .03E-01  1.02E-01 1.01E-01 9.96E-02 9.88£-02 9.76E-02 9.58E-02
1.04E-01 1.03E-01 1.02E-01 1.01E01 0O6E-D2 0.86E-02 ©.76E-02 9.67E-02 9.58E-02 0.48E02 1.04E01 1.03E01 1 J02E-01 1.01E-01 9.96E-02 0.86E-02 9.76E-02 9.87€-02 0.58E-02
2 06E+00 204E+00 2.02E+400 2.00E+00 1.98E+00 1.96E+00 1.94E+00 1.92E4+00 1.91E+00 1.89E+00 2.06E+00 2.04E+00 2.02E+00 2.00E+00 1.98E400 1.96E400 1.94E+00 1.92E+00 1.91E+00 1.89E+00
/dDPI*d/dDPJ*8DPI*8DP] - — —
< O6E 04 J50E.04 207E04 647E-05 -76E-05 -2.2604 -3.5E-04 -4.9E-04 -6.25E-04 6.42E-04 4.96E-04 ISOE-04 207E-04 0.47E-05 -7.6E05 -2.15E-04 -3.53E-04 -4.90E-04 -8.25E-04
4.96E-04 2.70E-04 1.60E-04 4.09E-05 -59E-05 -1.7E-04 -2.7E04 -3.BE-04 -482E-04 4.96E04 3IB2E-D4 270E-04 160E04 409E-05 -50E-05 -1 .B6E-04 -2.73E-04 -3.78E-04 -4.82E-04
3.50€-04 2.70E-04 1.136-04 353E05 -41E05 -1.2E-04 -1.9E04 -27E-04 -341E-D4 ISOED4 270E-04 1.91E-04 1.13E-04 3I53E-05 -41E-05 -1.18E-04  -1.93E-04 -2.87E-04 3.41E-04
207€-04 1.60E-04 1.13E-04 208E-05 -2.4E-05 -8.9E-05 -1.1E04 -1.6E-04 -201E-04 207E04 1.60E-04 1.13E-04 666E-05 208E-05 -24E-05 -8.94E-05 -1.14E04  -1.58E-04 -2.01E-04
B647E-05 4.99E-05 3.53E-05 2.08E-05 _7.76-08 -2.2E05 -38E-05 -4.9E-05 -8.30E-05 647E05 4.09E-05 3.53E-05 208E-05 B6S52E08 -7.7E-08 -217E-05 -356E-05 -4.83E05 -8.30E-0S
-7.60E-05 -S.9E-05 -4.1E-05 -2.4E-05 -7.7E-06 2.55E-05 4.18E-05 S5.80E-05 7.40E-05 -7.80E-05 -587E-05 -4.15E-05 -2.45E-05 -7.66E-068 9.00E-08 2.55E-05 4.18E-05 5.80E-05 7.40E-05
-215E-04 -1.7E-04 -1.2E-04 -B9E-05 -22E-05 2S55E-05 1.18E-04 1.64E-04 2.10E-04 -2.1SE-04 -1.66E-04 -1.18E-04 -8.94E-05 -2.17E-05 25S5E-05 7.22E-05 1.18E-04 1.64E-04 2.10E-04
.353E-04 -27€-04 -1.9E04 -1.1E-04 -36E-05 4.18E-05 1.18E-04 2.69E-04 J.44E04 -353E-04 -2.73E-04 -1.93E-04 -1.14E-04 -I.56E-05 4.18E-05 1.18E-04 1.04E-04 2.60E-04 3.44E-04
.490E-04 -3BE04 -2.7E04 -1.6E-04 -49E-05 580E-05 1.64E-04 2.60E-04 AT7E04 -4.90E-04 -3.78E-04 -267E-04 -1.58E-04 -4.03E-05 5.80E-05 1.64E-04 2.69E-04 3.74E-04 4.T7E-04
6 25E-04 -4.8E-04 -34ED4 -20E-04 -83E-05 7.40E05 2.10E-04 3.44E-04 4.77E-04 6.25E-04 -4.82E04 -341E-04 -201E-04 -6.30E-0S 7.40E-05 2.10E-04 3.44E-04 4.77E-04 6.00E-04
6.42E-04 496E-04 3SOE-04 207E-04 O.47E-05 -7.6E-05 -2.26-04 -3SE-04 -4.9E04 -8.25E-04 496E-04 3.50E-04 207E-04 O647E0S -7.6E-05 -2.15E-04 -3.53E-04 -4.00E-04 -8.25E-04
496E-04 382E-04 2.70E-04 1.60E-04 499E05 -59E-05 -1.76€-04 -2.7E-04 -3.8E-04 -4.82E-04 4.06E-04 2.70E-04 1.60E-04 4.99E-05 -59E-05 -1.66E-04 -2.73E-04 -3.78E-04 -4 .82E-04
350604 2.70E-04 191E-04 1.13E-04 353E05 -41E05 -1.26-04 -1.9E04 -2.7E04 -341E-04 3IS0E04 270E-04 1.13E-04 3.53E-05 -4.1E05 -1.18E04 -1.93E-04 -267E-04 -3.41E-04
2076-04 160E-04 1.13E-04 6.66E-05 208E-05 -24E-05 -89E-05 -1.1E-04 -1.6E04 -201E-04 207E-04 1.60E04 1.13E-04 2.08E-05 -2.4E-05 -894E-05 -1.14E-04  -1.58E-04 -2.01E-04
6.47E05 499E-05 3S53E-05 208E-05 6.52E-06 -7.7E-08 -2.26-05 -36E05 -4.9E05 -630E-05 O647EDS 4.99E-05 I.SIE-O5 2.08E-05 -7.7TE08  -217€-05 -3.56E-05 -4.93E-05 -8.30E-05
.760E-05 -59E05 -41E-05 -24E05 -7.7E-08 9.00E-08 2.SSE-05 4.18E-05 S5.BOE-05 7.40E05 -7.60E-05 -587E-05 -4.1SE-05 -245E-05 -7.66E-08 2.55E-05 4.18E-05 5.80E-05 7.40E-05
215604 -1.7E-04 -1.26-04 -89E05 -2.2E-05 2.55E-05 7.22E-05 1.18E-04 1.64E-04 2.10E-04 -2.1SE-04 -1.66E-04 -1.18E-04 -8.94E-05 -217E-05 255E-05 1.18E-04 1.64E-04 2.10E-04
3S3E-04 -2.7E04 -1.0E-04 -1.1E-04 -3.6E-05 4.18E-05 1.18E-04 1.94E-04 269E-04 344E-04 -3.53E-04 -2.73E-04 -1.93E-04 -1.14E-04 -3.56E-05 4.18E-05 1.18E-04 2.60E-04 3.44E-04
_490E-04 -3 BE-04 -276-04 -16E-04 -49E-05 S580E05 1.64E-04 2609E-04 3I.7AE-04 4ATIEO04 -400E-04 -3.78E-04 -267E-04 -1.58E-04 -4.93E-05 5.80E-05 1.84E-04 2.69E-04 4.77€-04
6.25€-04 -4BE-04 -34E-04 -20E04 -6.3E-05 7.40E-05 2.10E-04 3I.44E-04 4.77E-04 6.09E-04 -8.25E-04 -482E-04 -341E-04 -2.01E-04 -8.30E-05 7.40E-05 2.10E-04 J3.44E-04 4.7TTE-04
-8.42E-04 .38E04 -19E-04 -8.JE0S -8.5E-08 -0.0E-08 -7.2E-05 -1.9E-04 -3.7E-04 -6.00E-04 -8.42E-04 -382E-04 -1.01E-04 -8.66E-05 -852E08 -9OE-08 -7.22E-05 - H4E-04 I.T4E04  -6.00E-04



d/dMI*d/dM|*8MI*8M)

Table A-2 (Continued)
Cross Product Terms

9 30E.07 658E07 I3.88E-07 1.21E-07 -1.4E-07 -40E07 -6.6E-07 -9.2E07 -1.17E-08 1.21E08  9.30E07 6.586-07 3.88E-07 1.21E-07 -1.4E-07 -4.04E07 -8.83E07 -9.20E-07 -1.17E-08
9.30E-07 5.086-07 3.00E07 9.37E08 -1.1E-07 -3.1E07 -5.1E07 -7.1E07 -9.06E-07 ©0.30E-07 7.18E-07 5.08E-O7 23.00E07 9.37E-08 -1.1E07 -3.12E-07 -5.12E-07  -T.10E-07 -8.06E-07
6.58E-07 5.08E-07 2.12E-07 6.63E-08 -7.8E-08 -2.2E-07 -3.6E-07 -5.0E-07 -8.40E-07 6.58E-07 6.08E-07 3.59E-07 2.12E07 663E08 -7.8E-08 -2.21E07 -3.62E-07 -5.02E-07 -8.40E-07
3.88E-07 3.00E-07 2.12E-07 391E08 -46E-08 -1.3E07 -21E-07 -3.0E-07 -3.78E-07 3.88E-07 3.00E07 2.12E-07 1.25E-07 391E-08 -4.6E-08 -1.30E-07 -2.14E-07 -296E-07  -3.78E-07
1.21€07 9.37€08 6.63E-08 3.91E-08 .1.4E08 -41E-08 -6.7E08 -9.3E-08 -1.18E-07 1.21E-07 ©.37E-08 6.63E-08 391 E-08 1.22E-08 -1.4E-08 -4.07E08 -6.68E-08 -9.26€-08 -1.18E-07
-1.43E-07 -1.1E-07 -7.8E-08 -4.6E-08 -1.4E-08 4.79E-08 7.85E-08 1.00E-07 1.36E-07 -1.43E-07 -1.10E-O7 -7.79E-08 -4.60E-08 -1.44E-08 1.60E-08 4.79€E-08 7.85E-08 1.00E-07 1.30E-07
-4.04E-07 -3.1E07 -22E07 -1.3E-07 -4.1E-08 4.79E-08 2.22E-07 3.08E-07 3.94E-07 -4.04E-07 -3.12E-07 -2.21E-07 -1.30E-07 -4.07€-08 4.79E-08 1.36E-07 2.22E-07 3.08€-07 3.84E-07
6.83E07 -SAEO7 -36E-07 -21E-07 -6.7E08 7.85E-08 2.22E-07 S.08E-07 6.46E-07 -8.63E-07 -5.12E-07 -3.62E-07 -2.14E-07 -6.6BE-08 7.85E-08 2.22E-07 3.65E-07 5.06E-07 6.48E-07
.9.20E07 -7.1E-07 -S0E-07 -3.0E-07 -9.3E-08 1.00E-07 3.08E-07 5.06E-07 8.95E-07 -9.20E-07 -7.10E-07 -5.02E-07 -2.96E-07 -9.26E-08 1.00E-07 3.08E-07 5.08E-07 7.02E-07 8.85€-07
117E08 -9.1E-07 -64E-07 -38E-07 -1.2E-07 1.39E-07 3.04E-07 6.46E-07 8.95E-07 -1.17E-08 -9.08E-07 -8.40E-07 -3.78E-07 -1.18E-07 1.39E-07 3.94E-07 6.46E-07 8.95€-07 1.14E-06
1.21E-08 9.30E-07 6.586-07 3.88E-07 1.21E07 -1.4E07 -4.0E-07 -6.6E-07 -9.2E-07 -1.17E-08 9.30E-07 6.58E-07 3.88E-07 1.21E-07 -1.4E-07 -4.04E-07 -6.63E-07 -9.20E07 -1.17E-08
9.30E-07 7.18E-07 5.08E-07 3.00E-07 9.37€-08 -1.1E-07 -3.1E-07 -51E07 -7.1E07 -0.06E-07 9.30E-07 $.08E-07 3.00E-07 9.37€-08 -1.1E-07 -3.12E07 -5.12E07 -7.10E-07 -8.06E-07
6.58E-07 S08E-07 3.59E-07 2.12E-07 6.63E-08 -7.8E-08 -2.2E-07 -3.6E-07 -5.0E-07 -8.40E-07 8.58E-07 5.08E-07 2.12E-07 6.63E-08 -7.8E-08 -221E-07 -3.62E-07 -502E-07 -6.40E-07
3.88E-07 3.00E-07 2.12E-07 1.25E-07 3.91E-08 -4.6E-08 -1.3E-07 -21E07 -3.0E-07 -3.78E-07 3.88E-07 3.00E-07 2.12E-07 391E-08 -4.6E-08 -1.30E-07 -2.14E-07 -296E-07 -3.78E-07
1.21E-07 937E-08 663E-08 391E08 1.22E-08 -1.4E08 -4.1E-08 -8.7E08 -9.3E-08 -1.18E-07 1.21 E-07 ©9.37E-08 6.63E-08 391E-08 -1.4E-08 -4.07E08 -6.68E-08 -8.26E-08  -1.18E-07
-1.43E07 -1.1E-07 -7.8E-08 -4.6E-08 -1.4E-08 1.60E-08 4.79E-08 7.85E-08 1.09E-07 1.39E-07 -1.43E-07 -1.10E-07 -7.79E-08 -4.60E-08 -1.44E-08 4.79E-08 7.85€-08 1.00E-07 1.30E-07
4.04E07 -31E07 -22E-07 -1.3E-07 -4.1E-08 4.79E-08 1.36E-07 2.22E-07 3.08E-07 3.94E-07 -4.04E-07 -3.12E-07 -2.21E-07 -1.30E-07 -4.07E-08 4.79E-08 2.22€E-07 3.08E-07 3.94E-07
.6.63E-07 -51E-07 -3.6E-07 -2.1E-07 -6.7E-08 7.85E-08 2.22E-07 3.65E-07 S5.06E-07 6.46E-07 -8.63E-07 -5.12E-07 -3.62E-07 -2.14E-07 -6.68E-08 7.85E-08 2.22E-07 §.06E-07 6.48E-07
9.20E07 -7.1E07 -50E-07 -3.0E07 -9.3E-08 1.09E-07 3.08E-07 S.08E-07 7.02E-07 8.95E-07 -9.20E-07 -7.10E-07 -5.02E-07 -206E-07 -0.26E-08 1.00E-07 3.08€-07 5.08E-07 8.95E-07
1A7E-08 -9.1E-07 -8.4E-07 -3.8E-07 -1.2E-07 1.39E-07 3.94E-07 6.46E07 8.85E-07 1.4 4E-08 -1.17E-08 -9.06E-07 -8.40E-07 -3.78E-07 -1.18E-07 1.39E-07 3.94E-07 6.486E-07 8.95E-07

-1.21E-08 .72E07 -3.6E-07 -1.3E-07 -1.2E-08 -1.7E-08 -1.4E-07 -3.6E07 -7.0E-07 -1.14E08 -i.21 E08 -7.18E-07 -3.59E-07 -1.25E-07 -1.22E-08 -1.7E-08 -1.36E-07 -3.65E07 -7.02E-07 -1.14E-06
d/dPsi*d/dPs|*8Psl*8Ps)

207E.06 1.46E-08 B8.62E-07 2.70E-07 -3.2E-07 -9.0E-07 -1.5E-06 -2.0E-08 2061E.08 268E08 207E-06 1.46E-08 B8.62E-07 270E-07 -3.2E-07 -8.68E-Q7 -1.47E-068 -204E-06 -2.61 E-08
2.07€-08 1.13E-08 6.65E-07 2.08E-07 -24E-07 -6.9E07 -1.1E08 -1.6E-08 -201E-068 207E-06 1.50E-068 1.13E-08 8.65E-07 208E-07 -24E-07 -8.93E07 -1.14E08 -1.58E-068 -201E-08
1.46E-08 1.13E-06 4T1EO7 1.47E0T7 -1.7EO7 -49E-07 -8.0E-07 -1.1E08 -1.42E-08 1.46E-068 1.13E-08 797E07 4.71E07 1.47E-07 -1.7E-07 -4.90EQ7 -B.04E07 -1.11E-08  -1.42E-08
8.62E-07 6.65E-07 4.7M1E-07 869E-08 -1.0E07 -29E-07 -4.7E07 -B8.6E-07 -8.39E-07 B.62E-07 6.65E-07 4.7T1E-07 2.78E-07 8.69E-08 -1.0E-07 -2.80E-07 -4.74E-07 -8.58E-07 -8.39E-07
2.70E-07 2.08E-O7 1.47E-07 8.69E-08 32608 -90E-08 -1.SE07 -21E-07 -283E-07 2.70E-07 208E-07 1.47E-07 B8.69E-08 2.72E-08 -3.2E-08 -9.04E-08 -1.48E-07 -2.06E07 -263E-07
-3.17€-07 -24E07 -1.7E07 -1.0E-07 -3.2E-08 1.06E-07 1.74E-07 242E07 3.00E-07 -3.47E-07 -24SE-07 -1.73E-07 -1.02E-07 -3.18E-08 23.75E-08 1.06E-07 1.74E-07 2.42E07 3.06E-07
898E-07 -69E-07 -4.9E07 -29E-07 -9.0E-08 1.06E-07 494E-07 6.85E-07 B.74E-07 -8.98E-07 -8.03E-07 -4.00E-07 -2.89E-07 -0.04E-08 1.08E-07 3.01E-07 4.94E-07 6.85€-07 8.74E-07
-1.47€06 -1.1E-08 -B.OE-07 -4.7E-07 -1.5E-07 1.74E-07 4.94E-07 1.12E-08 1.43E-08 -1.47E-06 -1.14E-08 -B.04E-07 -4.74E-07 -1.48E-07 1.74E-07 4.94E-07 8.10E-07 1.12€-06 1.43E-08
.204E-08 -1.6E-06 -1.1E08 -8.6E-07 -21E-07 2.42E-07 6.85€-07 1.12E-08 1.99E-08 -2.04E-08 -1.58E-08 -1.11E-08 -8.58E-07 -2.06E-07 2.42E-07 8.85E-07 1.12E-08 1.56E-06 1.99E-068
2.61E-08 -20E-06 -1.4E-06 -84E-07 -2.6E-07 3.09E-07 8.74E-07 1.43E-06 1.99E-08 -2.61E-06 -2.01E-08 -1.42E-08 -8.39E-07 -263E-07 3.09E-07 8.74E-07 1.43€-08 1.99E-08 2.54E-08
268E-08 207E-06 1.46E-06 8.62E-07 2.70E-07 -3.2E-07 -9.0E-07 -1.5E-068 -20E-068 -2.61E-08 207E-06 1.46E-08 8.62E-07 2.70E-07 -3.2E-07 -8.98E-07 -1.47E-06 -2.04E-06 -261E-08
207606 1.50E-06 1.13E-06 B6.65E-07 2.08E-07 -24E-07 -8.9E07 -1.1E06 -1.6E-068 -201E-08 2.07E-08 1.13E-08 6.65E-07 208E07 -24E-07 -8.93E07 -1.14E-06 -1.58E-068 -2.01E-06
1.46E-08 1.13E-06 7.97€E-07 4.TME-O7 1.47E07 -1.7E-07 -49E-07 -80E-07 -1.1E-08 -1.42E-06 1.46E-08  1.13E-08 4.7T{E-07 1.47€07 -1.7E-07 -4.90E-07 -8.04E-07 -1.11E-08  -1.42E-08
8.62E-07 6.65E-07 4.71E-07 2.78E-07 B.69E-08 -1.0E-07 -2.9E07 -4.7E07 -6.6E-07 -8.39E07 8.62E-07 6.65€-07 4A.T1E-07 8.60E-08 -1.0E-07 -2.8E07 -4.74E07 -658E-07 -8.39E-07
2.70E-07 208E-O7 147E-07 B8.69E-08 2.72E-08 -3.2E-08 -9.0E-08 -1.SE-07 -21E-07 -2.63E-07 2.70E-07 2.08E-07 1.47E-07 8.69E-08 -3.2E08 -0.04E-08  -1.48E-07 -2.08E-07 -2.63E-07
.347€-07 -24E-07 -1.7EO7 -1.0E07 -3.2608 3.75E-08 1.06E-07 1.74E-07 2.42E-07 J.09E-07 -3.17E-07 -2.45E-07 -1.73E-07 -1.02E-07 -3.19E-08 1.06E-07 1.74E-07 2.42E07 3.00E-07
8.98E-07 -6.9E-07 -49E-07 -29E-07 -9.0E-08 1.06E-07 3I.01E-07 4.94E-07 6.8SE-07 8.74E-07 -8.08E-07 -8.93E-07 -4.90E-07 -2.89E-07 -9.04E-08 1.06E-07 4.94E-07 6.85E-07 8.74E-07
1.ATE08 -1.1E-08 -B.OE-07 -4.7E-07 -1.5E-07 1.74E-07 4.94E-07 B.10E-07 1.12E-06 1.43E-08 -1.47€-06 -1.14E-06 -8.04E-07 -4.74E-07 -1.48E-07 1.74E-07 4.94E-07 1.12E-06 1.43E-06
-2046-08 -1.6E-06 -1.1E-06 -86E-07 -21E-07 2.42E-07 6.85E-07 1.12E-08 1.56E-08 1.99E-08 -2.04E-06 -1.58E-068 -1.11E-08 -8.58E-07 -2.08E-07 242E-07 6.85E-07 1.12E-08 1.99E-08
.261E-08 -2.06-08 -14E-06 -8.4E-07 -2.6E-07 3.00E-07 B.74E-07 1.43E-08 1.99E-08 254E-06 -2.61E-08 -2.01 E-08 -1.42E-08 -8.39E-07 -2.83E-07 3.09E-07 8.74E-07 1.43E-08 1.99E-06

-2.68E-08 .{.6E-08 -8.0E-07 -2.8E-07 -2.7E08 -3.8E-08 -3.0E-07 -8.1E07 -1.6E-06 -2.54E-06 -2.68E-08 -1 59E-08 -7.97E07 -2.76E-07 -2.72E-08 -3.8E-08 -3.01E-07 -8.10E07 -1.56E-068 -2.54E-06



dCPIi*d/dCP}*8CPI*8CP|

Table A-2 (Continued)
Cross Product Terms

702604 497E04 283E04 B.17E05 -1.1E-04 -3.1E04 -50E-04 -BOE-O4 -BBOEO4 0.10E-04 702E04 4O7EO4 203E04 O1/E05 -1.1E04 -3.05€04 -5.01E-04  -6.94E-04 -8.86E-04
7.02E-04 3.83E-04 2.26E-04 7.07E-05 -8.3E-05 -24E-04 -J9E-04 -54E-04 -6.84E-04 702E-04 542E04 2JIBIED4 226E04 707E05 -BIE05 -236E-04 -3.86E-04 -536E-04 -8.84E-04
497E-04 3.83E-04 1.60E04 500E-05 -S9E-05 -1.7E-04 -2.7E-04 -3.8E-04 -484E-04 497E-04 2JB83EO4 2.71E-04 1.60E-04 SO00E-05 -S5OE05 -1.87€E04 -2.73E-04 -3.79E-04 ~4.84E-04
203E-04 2.26E-04 1.60E-04 205605 -35E-05 -9.8E-05 -1.6E-04 -22E04 -285E-04 203E04 226E-04 1.60E-04 0Q44E05 209SE-05 -IS5E05 -0.83E-05 -1.61E04 -2.24E-04 -2.85E-04
9.17E-05 7.07E-05 S.00E-05 285E-05 -1.1E05 -3.1E05 -5.0E-05 -70E-05 -8.02E-05 O.17E-05 7.07E-05 5.00E-05 295E-05 9.23E-08 -1.1E-05 -3.07E05 -504E05 -8.06E05 -8.92E-05

-1.08E-04 -B3EO5 -SOE05 -ISE-05 -1.1E-05 3.01E-05 S5.03E-05 B8.22E-05 1.05E-04 -1.08E-04 -8I1E-05 -5.88E-05 -3 47E-05 -1.06E-05 1.28E-05 3.61E-05 5.93E-05 8.22E-05 1.05E-04
-3 05E-04 -24E-04 -1.7E-04 -9BE-05 -31E-05 3I.6IE-05 1.66E-04 233E-04 207E-04 -3.05E-04 -2.36E-04 -1.67E-04 -0.83E-05 -3.07E-05 3IBIEOS 1.02E-04 1.68E-04 2.33E-04 2.97E-04
-5.01E-04 -39E04 -2.7E04 -1.6E-04 -50E-05 S.93E-05 1.68E-04 3.82E-04 4.87E-04 -501E-04 -3.86E-04 -2.73E-04 -1.61E-04 -504E-05 5.93E-05 1.68E-04 2.75E-04 3.62E-04 4.87E-04
6.04E-04 -54E-04 -38E-04 -22E-04 -70E-05 8.22E-05 2.33E-04 3.82E-04 6.76E-04 -6.04E-04 -536E-04 -3.79E-04 -2.24E-04 -B8.99E-05 8.22€-05 2.33E-04 3.82E-04 5.30E-04 6.76E-04
-8.86E-04 -66E-D4 -4.8E-04 -29E04 -BOE05 1.05E-04 297E-04 4.87E-04 6.76E-04 -8.86E-04 -6.84E-04 -4.84E-04 -285E-04 -8.92E-05 1.05E-04 2.97E-04 4.87€-04 6.76E-04 8.63E-04
9.10E-04 7.02E-04 497E-04 293E-04 O.17E-05 -1.1E-04 -3.1E-04 -50E-04 -8.0E-04 -8.80E-04 T.02E-04 497E-04 203E-04 ©O17E-05 -1.1E-04 -3.05E-04 -501E-04 -B.04E-04 -8.86E-04
7.026-04 542E-04 3.83E-04 2.26E-04 7.07E-05 -8.3E-05 -24E04 -3.9E-04 -54E-04 -6.84E-04 7.02E-04 3.83E-04 2.26E-04 7.07E-05 -B.3E-05 -2.36E-04 -3.86E-04  -5.36E-04 -6.84E-04
497E-04 383E-04 271E-04 1.60E-04 SO00E-05S -SOE-05 -1.7E-04 -2.7E-04 -3.8E-04 -4.84E-04 4.97E-04 3I83E-04 1.60E-04 S.00E-05 -5.9E0S -1.67TE04 -2.73E-04 -3.79E-04  -4.84E-04
293E-04 2.26E-04 160E-04 D44E-05 205E-05 -3.5E-05 -9.8E-05 -1.6E-04 -2.2E-04 -285E-04 293E-04 226E-04 1.60E-04 295E05 -3.5E-05 -9.80E-05 -1.61E-04 -2.24FE-04 -2.85E-04
9.17E-05 7.07E-05 S5.00E-05 295€E-05 9.23E-068 -1.1E-05 -3.1E05 -50E-05 -7.0E-05 -8B92E-05 H.17E-05 7.07E-05 S.00E-0S 295E-05 -1.1E-05 -3.07E05 -5.04E-05 -B8.99E05 -8.92E-0S
-1.08E-04 -8.3E-05 -58E-05 -3.5605 -1.1E-05 1.28E-05 361E-05 S5.93E-05 8.22E-05 1.05E-04 -1.08E-04 -B.31E-05 -5.88E-05 -3.47E-05 -1.09E-05 3.61E-05 5.93E-05 8.22E-05 1.05€-04
-3.05E-04 -24E04 -1.7E-04 -9.8E-05 -3.1E-05 3.61E-05 1.02E-04 1.88E-04 2.33E-04 207E-04 -3.05E-04 -2.36E-04 -1.67E-04 -9.B83E-05 -3.07E-05 3.61E-05 1.68E-04 2.33E-04 297E-04
-501E-04 -3.9E04 -27E-04 -1.86E-04 -50E-05 5893E-05 1.68E-04 2.75E-04 3.82E-04 4.87E-04 -501E-04 -3.86E-04 -2.7IED4 -1.81E-04 -5.04E-05 S5.93E-05 1.68E-04 3.82E-04 4.87E-04
6.84E-04 -54E-04 -38E-04 -22E-04 -TOE-05 8.22E-05 2.33E-04 3.82E-04 5.30E-04 6.76E-04 -894E-04 -536E-04 -3.79E-04 -2.24E04 -B8.90E-05 8.22E-05 2.33E-04 3.82E-04 8.76E-04
-8.86E-04 -6.8E-04 -4.8E-04 -20E-04 -B9E-05 1.0SE-04 207E-04 4.87E-04 O6.76E-04 B.63E-04 -B.B80E-O4 -6.84E-04 -4.84E-04 -285E-04 -8.92E-05 1.05E-04 2.97E-04 4.87E-04 6.76E-04
-9.10E-04 -5.4E-04 -2.7E-04 -94E-05 -9.2E068 -1.3E-05 -1.0E04 -2BE-04 -S3IEO04 -8.63E-04 -9.10E-04 -542E-04 -2.71E-04 -9.44E-05 -0.23E-06 -1.3E05 -1.02E-04 -2.75E-04 -530E-04 -8.83E-04
dAI'd/dAJ'SAl'BAl

215€-03 1.52E 03 896E-04 281E-04 -33E-04 -93E-04 -15E-03 -21E-03 -271E-03 2.79E-03 2.15E-03 1.52E-03 B8.98E-04 281E-04 -3.3E-04 -8.35E-04 -1.53E-03  -2.13£-03 -2.T1E-03
2.15€-03 1.17E-03 6.93E-04 217E-04 -25E-04 -7.2E-04 -1.2€-03 -1.6E-03 -200E-03 215E03 166603 1.17E-03 6.93E-04 217E-04 -25E-04 -7.21E-04 -1.18E-03 -1.84E-03 -2.09E-03
1.526-03 1.17E-03 490E-04 1.53E-04 -1.8E-04 -51E-04 -84E-04 -1.2E-03 -1.48E-03 1.52E-03 1.17E-03 8.30E-04 4.90E-04 1.53E-04 -18E-04 -5.10E-04 -837E-04 -1.16E-03 -1.48E-03
8.98E-04 G6.03E-04 4.90E-04 9.04E-05 -1.1E-04 -3.0E-04 -49E-04 -6BE-04 -B.74E-04 B9BE-04 6.93E-04 490E-04 2B9EO4 0.04E05 -1.1E-04 -3.01E-04 -4.94E-04 -6B85E04 -8.74E-04
281E-04 2.17E-04 1.53E-04 0.04E-05 -3.3E-05 -9.4E-05 -1.5E-04 -2.1E-04 -2.73E-04 261E-04 2.17E-04 1.53E-04 9.04E05 283E-05 -3.3E-05 -9.41E-05 -1.54E-04 -2.14E-04 -2.73E-04

-3.30E-04 -25E-04 -1.8E-04 -1.1E-04 -33E-05 1.11E-04 1.82E-04 2.52E-04 3.21E-04 -3.30E-04 -255E-04 -1.80E-04 -1.06E-04 -3.32E-05 391E-0S 1.11E-04 1.82E-04 2.52E-04 3.21E-04
-9.35E-04 -7.2E-04 "-5.1E-04 -3.0E-04 -94E-05 1.11E-04 S5.14E-04 7.13E-04 0.10E-04 -9.35E-04 -7.21E-04 -S5.10E-04 -3.01E-04 -9.41E-05 1.11E-04 3.13E-04 5.14E-04 7.13E-04 9.10E-04
-1.63E-03 -1.2E-03 -8.4E-04 -4.0E-04 -1.5E-04 1.82E-04 S5.14E-04 1.17E-03 1.49€E-03 -1.S3E-03 -1.18E-03 -8.37E-04 -4.94E-04 -1.54E-04 1.82E-04 5.14E-04 8.44E-04 1.17E-03 1.40E-03
-213E-03 -1.6E-03 -1.2E-03 -68E-04 -2.1E-04 2.52E-04 7.13E-04 1.17E-03 207E-03 -2.13E-03 -1.64E-03 -1.16E-03 -6.85E-04 -2.14E-04 2.52E-04 7A3E-04 1.17E-03 1.62E-03 2.07E-03
-2NME-03 -21E-03 -1.56E-03 -8.7E-04 -2.7€E-04 I.21E-04 9.10E-04 1.49E-03 2.07E-03 -2.7T1E-03 -2.09E-03 -1.48E-03 -8.74E-04 -2.73E-04 3.21E-04 9.10E-04 1.49E-03 2.07€-03 2.64E-03
2.79E-03 2.15E-03 1.52E-03 B8.98E-04 281E-04 -3IJE-04 -9.3E-04 -1.5E-03 -21E-03 -2.71E-03 2.1SE-03  1.52E-03 B8.98E-04 281E-04 -3.3E-04 -935E-04 -1.53E-03 -2.13E-03 -2.7ME-03
2.15E-03 1.66E-03 1.17E-03 693E-04 2.17E-04 -2.5E-04 -7.26-04 -1.2E03 -1.6E03 -200E-03 2.15E-03 1.17E-03 6.93E-04 2.17E-04 -25E-04 -7.21E-04 -1.18E-03  -1.864E-03 -2.00E-03
1.526-03 1.17E-03 B8.30E-04 4.90E-04 153E-04 -1.8E-04 -51E-04 -BAE-04 -1.2E-03 -1.48E-03 1.52E03 1.17E-03 400E-04 1.53E-04 -1.8E-04 -510E-04 -8.37E-04 -1.16E03 -1.48E-03
8.98E-04 6.93E-04 4.90E-04 289E-04 9.04E-05 -1.1E-04 -30E-04 -49E-04 -68E-04 -8.74E-04 B8.98E-04 6.93E-04 4.90E-04 0.04E-05 -1.1E-04 -3.01E-04 -494FE-04 -B.85E-04 -8.74E-04
281E-04 217E-04 1.53E-04 004E-05 283E-05 -3I3E-05 -94E-05 -1.5E-04 -2.1E-04 -2.73E-04 28B1E-04 2.17E-04 1.53E-04 9.04E-05 -3.3E-05 -941E-05 -1.54E04 -2.14E-04 -2.73E-04
-3.30E-04 -25E-04 -1.8E-04 -1.1E-04 -33E-05 3.91E-05 1.11E-04 1.82E-04 252E-04 3I.21E-04 -3.30E-04 -255E-04 -1.80E-04 -1.06E-04 -3.32E-05 1.11E-04 1.82E-04 2.52E-04 3.21E-04
-9 35E-04 -7.2E-04 -S1E-04 -3.0E04 -9.4E-05 1.11E-04 3I.13E-04 514E-04 7.13E-04 0.10E-04 -9.35E-04 -7.21E-04 -5.10E-04 -3.01E-04 -9.41E-05 1.11E-04 5.14E-04 7.13E-04 9.10E-04
-1.53E-03 -1.2E-03 -B84E-04 -4.9E-04 -15E-04 1.82E-04 5.14E-04 B44E-04 1.17E-03 149E-03 -1.53E-03 -1.18E-03 -BI7E-D4 -4.94E-04 -1.54E-04 1.82E-04 S5.14E-04 1.17€-03 1.49E-03
-2.43E-03 -1.6E-03 -1.2E-03 -6.BE-04 -21E-04 252E-04 7.13E-04 1.17E-03 1.62E03 207E-03 -2.13E-03 -1.64E-03 -1.16E-03 -6.85E-04 -2.14E-04 2.52E-04 7.13E-04 1.17E-03 2.07€-03
-27M1E-03 -21E-03 -1.5E-03 -8.7E-04 -2.7E-04 3.21E-04 8.10E-04 1.49E-03 207E-03 264E-03 -2.71E-03 -2.09E-03 -1.48E-03 -8B.74E-04 -2.73E-04 3.21E-04 9.10E-04 1.49E-03 2.07€-03

-2.79€E-03 -1.7E-03 -8.3E-04 -2.9E-04 -28E-05 -3.0E-05 -3.1E-04 -B4E-D4 -1.6E-03 -264E-03 -2.79E-03 -1.66E-03 -8.30E-04 -2.80E-04 -2.83E-0S -3.9E-05 -313E-04 -B.44E04 -1.62E-03 -2.64E-03



Table A-3
Bias Error Calculation -- Secondary Air Inlet
Milliken Heat Pipe Air Preheater

# of Points 4
T,deg F 80 0.800 1.00%
T.degR 540 0.800 0.15%
Input Data Derlvatives (dTa/dX*Sigma)~2 (1) Cross Product Terms
Point T dTa/DTI dTa/dTi d/dTi*d/dTj*STi*ST|
1 80.0 0.25 4.00E-02 4.00E-02 4.00E-02 4.00E-02
2 80.0 0.25 4.00E-02 4.00E-02 4.00E-02 4.,00E-02
3 80.0 0.25 4.00E-02 4.00E-02 4.00E-02 4.00E-02
4 80.0 0.25 4.00E-02 4.00E-02 4.00E-02 4.00E-02
Totals 1.60E-01 1.20E-01 1.20E-01 1.20E-01 1.20E-01
T
Contributions (2) 6.40E-01
Total Sigma 2 0.64
Tavg Sigma 0.80 degF

(1) Ta= (T1 + T2 + T3 + T4)/4
(2) Contributions Include Cross Product Terms



Table A-4
Bias Error Calculation -- Secondary Air Outlet
Milliken Heat Pipe Air Preheater

Average  Sigma Sigma
Value Absoiute Reletive

uct Slze
Mdsh, it ® 0.042 0.40%
angth, h [ ] 0042 0.60%
? of Points 24
Mdthwise L]
angthwise 4
Sector Width, ft 1.50 0.042 2.78%
Sector Length, it 1.50 0.042 2.78%
A, Sector Area t~ 2 23 0.088 3.03%
deg F 816 8.100 1.00%
.deg R 1076 6.160 0.57%
»mp Blas, deg F 100 33.33 deg Flength Increment Spacial Bias
P, ln WC 0.972035 0.0104 2.00%
. Ib/mol 2885 0.025 0.00%
mb Pres, in. Hg 29.50
uct Pres, in. WC 5.60
3, In. Hg Absolute 2.7 0.040 0.14%
P. Pitot Fact 0.84 0.0100 1.19%
ominal Vel, ips 790.34 ACFM= 257051 SCFM= 123321 Ib/hr= 562500
input Dala — Oerivatives, dTa/dX — (dTa/dX*Sigma) ~ 2
Point Al CPi DPI Mi Psi m ) (4] dTa/dTi dTa/dAl  dTe/dCPi  dTa/dOPi dTe/dMi  dTa/dPsi d/dTI*STI d/dAI*SAI d/dCPi*SCPI d/dDPi*SDPi d/dMi*SMI d/dPei*SPei
1 22 0684 00720 28.8% 2.70 1020.0 1.703 1747.2 4.37€-02 -0.30E-01 -2S51E+00 -1.08E400 -3.65E-02 -3.84E-02 7.24E-02 6.84E-03 8.28E-04 4.43E-04 8.32-07 2.03E-08
2 25 084 00720 2883 2.70 1050.3 1.67¢ 1775.4 4.20E-02 -290E-01 -8.01E-01 -3.48E01 -1.17€-02 -1.13€-02 6.70E-02 0.08E-04 0.41E-08 452605 8.40E-08 2.07€-07
3 22 0.84 09720 2685 2.70 1002.7 1.650 1803.1 4.10E-02 3.18E-01 8.52€0t 3I.B3E-01 1.24E02 1.20E02 0.38E-02 7.90E-04 7.20E-05 5.126-08 9.61€-08 2.34E-07
4 225 084 09720 28.85 2.70 11200 1.026 1830.4 2308E-02 9.16E01 245E400 1.06E+00 3S57€-02 3I.47E02 6.01E-02 ©6.56E-03 6.03E-04 4.25E-04 7.98E-07 1.84E-08
L] 225 0.84 09720 2085 29.70 1026.0 1.703 1747.2 4.37E-02 -9.36E-01 -251E+00 -1.08E+00 -3.85€-02 -3.34E-02 7.24E02 6.84E-03 6.28E-04 4.43E-04 8.326-07 2.03E-06
[ 225 0.84 09720 28.85 20.70 1050.3 1.670 1778.4 4.22E-02 -290E-01 -8.01E01 -3.46E-0t -1.17€02 -1.13E-02 0.70E-02 0.08E-04 6.41E-05 4.52€-08 8.40E-08 207€07
7 23 0.4 0.9720 2.8 2.70 10027 1.050 1803.1 4.10E-02 3.18E-01 B8.82E-01 3.688E01 1.2ME-02 1.20E-02 0.38E-02 7.90E-04 7.26E-08 5.12€-06 9.01E-08 2.34E07
] 225 0.64 090720 28.85 29.70 11200 1.620 1830.4 308E-02 9.16E-01 24SE+00 1.06E400 357E-02 3I47E-02 8.01€-02 6.56E-03 0.03E-04 4.25E-04 7.98E-07 1.94€-08
° 23 084 00720 28.85 28.70 1028.0 1.703 1747.2 4.37E02 -9.36E-01 -231E+00 -1.08E400 -3.865E-02 -3.34E-02 7.24E02 0.84E-03 0.20E-04 4.43E-04 8.326-07 2.03E-008
10 225 0.64 00720 26.85 28.70 1050.3 1.676 17754 4. 2E-02 -290E-01 -8.01E-01 -3.46E-01 -1.17E-02 -1.13E-02 8.79E-02 6.06E-04 6.41E-08 452608 8.40E-08 207€-07
1" 2.5 0.84 09720 26.85 22.70 10027 1.650 1803.1  4.10E-02 3.18E-01 8.82E-01 3.68E-01 1.24E-02 1.20€-02 6.38E-02 7.90E-04 7.206E08 S.12€-05 9.61E-08 2.34E-07
12 223 0.84 0.8720 28.85 2.70 11200 1.620 18304 3.98E-02 ©.16E-01 245E+00 1.06E+00 3.37E-02 3.47E-02 8.01E-02 06.56E-03 6.03E-04 4.25E-04 7.98E-07 1.94E-06
13 225 0.84 09720 28.85 2.70 1020.0 1.703 1747.2 4.37E-02 -9.36E-01 -231E400 -1.08E+00 -3.65E-02 -3.34E-02 7.24E-02 0.84E-03 0.20E-04 4.43E-04 8.326-07 2.03E-06
14 225 0.84 09720 26.85 2.70 1050.3 1.676 1775.4 4. 22E-02 -299E01 -8.01E-0t -3.46E-01 -1.17E-02 -1.13E-02 8.79E-02 0.98E-04 6.41E-08 4852608 8.49€-08 2.07€07
15 25 0.84 09720 28.85 2.70 1002.7 1.650 1803.1 4.10E-02 3.18E-01 8.82E-01 3.68E-01 1.24E-02 1.20€-02 0.38E-02 7.90E-04 7.26E-08 S5.12€-08 0.61E-08 2.34E-07
16 2.5 0.84 0.9720 2885 29.70 1126.0 1.620 1830.4 3.08E-02 9.16E-01 24SE+00 1.06E4+00 3.S7E-02 3I7E-02 8.01E-02 0.50E-03 6.03E-04 4.25E-04 7.08E-07 1.04E-08
7 225 0.84 09720 20885 2.70 1026.0 1.703 1747.2 437602 -9.26E-01 -251E+00 -1.08E+00 -3.05E-02 -3.S4E-02 7.24E-02 6.84E-03 8.28E-04 4.43E-04 8.326-07 2.03E-08
18 2.5 0.84 0.9720 20.85 2.70 1059.3 1.876 17754 4.23E-02 -209E-01 -8.01E-01 -3.46E-01 -1.17E-02 -1.13E-02 6.70E-02 ©6.08E-04 8.41E-05 452608 8.40E-08 207€-07
\[] 225 0.84 00720 28.85 2.70 10927 1.650 1803.1 4.10E-02 3.18E-01 8.52£-01 3.68E-01 1.24E-02 1.20E-02 6.38E-02 7.90E-04 7.28E-08 5.126-08 9.61E-08 2.34E-07
o) 25 0.84 09720 28.85 270 1126.0 1.620 1830.4 398E02 9.16E-01 245E+400 1.06E+00 3.57E-02 3I.47E-02 6.01E-02 6.56E-03 8.03E-04 4.25E-04 7.98E-07 1.94E-00
21 225 0.4 0.9720 28.85 2.70 1026.0 1.703 1747.2 437E-02 -9.38E-01 -251E+400 -1.08E+00 -3.65E-02 -3.54£E-02 7.24E-02 0.84E-03 6.28E-04 4.43E-04 832607 2.03€E-00
22 225 0.84 008720 26.85 20.70 1050.3 1.67¢6 17754 4. 2E02 -290E-01 -8.01E-01 -3.46E-0f -1.17E-02 -1.13E-02 0.79E-02 6.08E-04 6.41E-05 452605 8.49€-08 2.07E-07
23 2.5 0.84 09720 26.85 20.70 10902.7 1.650 1803.1  4.10E-02 3.18E-01 B8.52E-01 3.68E-01 1.24E02 1.20E-02 8.38E-02 7.90E-04 7.28E-05 5.126-05 9.61E-08 2.34E-07
24 P&~ 0.84 09720 28.85 2.70 1120.0 1.028 1830.4 3.98E-02 0.10E-01 245E+00 1.06E+00 3.57E-02 3.47E-02 6.01E-02 6.56E-03 8.03E-04 4.25E-04 7.98E-07 1.94E-00
Temperature — Simple Average 1076.0 sSUM1 sSUM2 T A ce oP M Ps
Temperature — Weighted Average 1075.4 39.027 42038.0 Contributions (3) 3.80E+01 7.81E-18 3.74E-18 4.88E-19 -4.76E-22 6.90€-21
) AI*CPI(DPI*Mi*Pal/TI)~ 0.5 Tota! Sigma~2 3790
) AI"CPI{OPI*Mi*Pei*Ti} ~ 0.5 Tavg Sigma 6.18 dﬂ F

) Convibutions Include Cross Product Terms



Table A-4 (Continued)

Cross Product Terms

g -02 6.60] .24k 6.80L - . .24 01 [] I [ . X .01E-02 6.80E-02 6.60E-0 . 01kE-02 6.80t-02
1.01€-02 0.50E-02 6.30E-02 7.01E-02 6.79E-02 6.58E-02 6.39E-02 TO01E02 6.70E-02 ©.58E-02 6.30£-02 7.01€-02 6.70E-02 0.58E-02 0.39E-02 7.01E-02 6.79E-02 0.58€-02 0.39E-02 7.01E-02 0.70E-02 6.58E-02 6.30E-02
6 80E-02 0.58E-02 6.19E-02 6.80E02 O0.50E-02 0.38E-02 6.19E-02 0.80E02 6.58E-02 6.38E-02 6.19E-02 6.00E-02 6.58£-02 6.38E-02 O6.19E-02 6.80E-02 6.58E-02 @6.38E-02 6.19E-02 6.80€-02 6.58E-02 6.38E-02 6.19E-02
8. 00E-02 6 39E-02 6.19E-02 8.80E-02 0.39E-02 6.19E02 6.01E-02 6.60E02 6.30E-02 6.10E-02 6.01E-02 6.60E-02 0.30E-02 6.19E-02 6.01E-02 6.60E-02 6.30E-02 6.10€-02 6.01E-02 6.00E-02 0.39€-02 6.19€E-02 6.01E-02
7.24E-02 7.01E-02 680E-02 6.60E-02 7.01E-02 6.80E-02 6.00E-02 7.24E-02 7.01E-02 6.80E-02 6.00E-02 7.24E-02 7.01€-02 6.80E-02 6.60E02 7.24E-02 7.01E-02 6.80E-02 6.00E-02 7.24E-02 7.01E-02 6.80£-02 6.60E-02
7.01E-02 6.79E-02 6 50E-02 0.30E-02 7.01€-02 0.58E-02 6.39E-02 7.01E-02 6.79E-02 0.58E-02 0.39E-02 7.01E-02 0.79E-02 0.58E-02 0.39E-02 7.01E-02 6.70E-02 6.58£-02 6.30E-02 7.01E-02 6.79E-02 O06.58E-02 6.39E-02
680E-02 05S8E-02 6.38E-02 0.19E-02 0.80E-02 6.38E-02 6.19E-02 6.80E-02 5.50E-02 0.38E-02 ©.19E-02 6.80E-02 0.58£-02 6.30E-02 6.19E-02 6.80E-02 0.58E-02 6.38E-02 8.10E-02 0.80E-02 6.586-02 6.38£-02 6.19E€-02
600E-02 6.39€-02 6.10E-02 6.01E-02 6.60E-02 6.30E-02 6.10E-02 6.00E-02 0.30E-02 6.19E-02 0.01E-02 0.60E-02 0.30E-02 0.19E-02 ©6.01E-02 6.00E-02 0.30€-02 6.19E-02 0.01E-02 0.60E-02 6.39E-02 6.19E-02 6.01E-02
7.24E02 701E-02 680E02 G.60E-D2 7.24E-02 7.01E-02 6.80E-02 6.80E-02 7.01E-02 0.80E-02 8.60E02 7.24E-02 7.01E-02 6.80E-02 6.60E-02 7.24E-02 7.01E-02 8.80E-02 0.00E-02 7.24E-02 7.01E-02 0.80E-02 6.80E-02
701E02 6.70€02 6.58E-02 6.30E02 7.01E-02 6.79E-02 6.58E-02 0.30E-02 7.01E-02 8.58E-02 0.39€-02 7.01E-02 G6.79E-02 6.58E-02 6.30E-02 7.01E-02 0.79€-02 0.58E-02 6.20E-02 7.00E-02 6.70E-02 8.58E-02 6.30E-02
080E-02 058602 0.38E-02 6.19E-02 6.80E-02 O0.58E-02 6.38E-02 ©.19€-02 6.80E-02 6.58E-02 0.19€-02 6.80E-02 ©6.58E-02 6.38E-02 6.19E-02 6.80E-02 6.58E-02 6.38E-02 0.19E-02 0.80E-02 6.50E-02 6.38E-02 6.16E02
6 60E-02 6.30E-02 6.10E-02 0.01E-02 6.60E-02 0.30E-02 ©.19E-02 6.01E-02 6.00£-02 6.39E-02 6.19E-02 6.00E-02 6.30E-02 0.19E-02 6.01E-02 8.00E-02 6.30E-02 6.19E-02 6.01E-02 6.00E-02 6.30E-02 0.19E-02 6.01E-02
7.24E-02 7.01E-02 6.60E-02 §80E-02 7.24E-02 7.01E-02 0.80E-02 0.00E-02 7.24E-02 7.01E-02 6.80E-02 6.80E-02 7.01E-02 6.80E-02 0.80E-02 7.24E-02 7.01E-02 6.80E-02 0.60E-02 7.4E-02 7.01€-02 6.80E-02 6.80E-02
701E-02 6.79E-02 6.58E-02 €.39E-02 7.01E-02 6.79E-02 6.58E-02 6.39E-02 7.01E-02 0.79E-02 6.58£-02 6.39E-02 7.01E-02 0.58E-02 6.39€02 7.01E-02 6.70E-02 ©6.58E-02 6.39E-02 7.01E-02 8.79E-02 6.58E-02 6.39E-02
8.80E02 6.58E-02 6.38E-02 §.19E-02 6.80E-02 B6.53E-02 6.38E-02 6.19E-02 6.80E-02 6.58E-02 6.38E-02 0.19E-02 0.80E-02 6.58E-02 6.19€-02 0.80E-02 6.58E-02 6.38E-02 6.19E-02 6.80E-02 0.58E-02 ©.38E-02 6.19E€-02
8 60E-02 6.39E-02 6.19E-02 6.01E-02 660E-02 6.39E-02 6.19E-02 6.01E02 0.00E-02 6.39E-02 8.19€-02 6.01E-02 0.60E-02 6.39E-02 0.19E-02 6.00E-02 6.30E-02 0.19E-02 6.01E-02 0.60E-02 6.39E-02 0.19E-02 6.01E-02
7.24E-02 1.01E-02 6B80E-02 660E-02 7.24E-02 7.01E-02 6.80E-02 6.60E-02 7.24E-02 7.01E-02 6.850€E-02 6.60E-02 7.24E-02 7.01E-02 ©.80E-02 6.80E-02 7.01E-02 6.80E-02 6.00E-02 7.24E-02 7.01€-02 0.80E02 0.60E-02
701E-02 6.79E-02 658602 6.30E-02 7.01E-02 6.70E-02 6.58E-02 6.30€-02 7.01€-02 0.70E-02 6.58E-02 6.39E-02 7.01E-02 6.70£-02 0.S0E-02 6.39E-02 7.01E-02 0.58E-02 6.39E-02 7.01E-02 6.79€-02 0.58E-02 6.39E-02
680E-02 0.58E-02 6.38E-02 6.19E-02 0.80E-02 6.50E-02 6.38E-02 ©.19E-02 6.80E-02 0.586-02 6.38E-02 6.19E-02 6.80E-02 6.50E-02 6.38E-02 O6.19E-02 ©.80E-02 0.58E-02 0.10E-02 6.80E-02 6.58E-02 0.38E-02 8.10E-02
6 60E-02 639E-02 6.19E-02 6.01E-02 6.60E-02 6.30E-02 6.19E-02 6.01E-02 6.60E-02 0.30E-02 8.19E-02 6.01E-02 6.60E-02 6.39E-02 6.19E-02 6.01E-02 6.60E-02 0.39E-02 8.19E-02 6.60E-02 6.39E-02 6.19€-02 6.01E-02
7.24E-02 7.01E-02 0.80E02 6.00E-02 7.24E-02 7.01E-02 6.80E-02 6.60E-02 7.24E-02 7.01E-02 6.80E-02 6.00E-02 7.24E-02 7.01E-02 6.80E-02 6.00E-02 7.24E-02 7.01E-02 6.80€-02 6.60E-02 7.01E-02 6.80E-02 6.80E-02
7.01E-02 6.79E-02 6.58E-02 6.30E-02 7.01E-02 6.79E-02 6.58E-02 6.36E-02 7.01E-02 6.70E-02 6.58E-02 6.39E-02 7.01E-02 6.79E-02 6.58E-02 6.30E-02 7.01E-02 6.76E-02 6.58€-02 6.30E-02 7.01E-02 6.58E-02 6.30E-02
680E-02 658602 6.38E-02 6.19E-02 O0.80E-02 6.58E-02 ©.38E-02 6.19E-02 6.80E-02 6.50E-02 6.38E-02 6.19E-02 O0.80E-02 6.58E-02 8.38E-02 6.19E-02 6.80E-02 6.58E-02 6.38E-02 0.10E-02 6.80E-02 8.58E-02 8.19E-02

6.606-02 6.30E-02 6.106-02 6.01E-02 6.60E-02 6.39E-02 6.19E-02 6.01E-02 6.60E-02 6.30E-02 0.19E-02 6.01E-02 6.00E-02 6.30E-02 6.19E-02 6.01E-02 ©.60E-02 6.30E-02 6.19E-02 6.01E-02 0.60E-02 6.39E-02 6.19E-02

1.50E+00 1.54E+00 1.49E+00 1.4SE+00 1.50E+00 1.54E+00 1.40E+00 1.45E+00 1.50E+00 1.54E4+00 1.49E+00 1.45E+00 1.59E+00 1.54E+00 1.49E+00 1.4SE+00 1.56E+00 1.54E+00 1.40E+00 1.45E400 1.50E+400 1.54E+00 1.40E+00 1.45E+00

d/dDPI*d/dDP|

4 15C04 A3 A3E Az ; ; 5 T T O T o Al T ED T Dr TSIE04 43404 443E04  T4ZEO04 -15ED4 43EDA
1.426-04 4B8E05 -1.4E-04 142604 4.526-05 -4.8E-05 -1.4E-04 142604 452605 -4.0E05 -1.4E-04 1.426-04 452605 -4.8E-05 -1.4E-04 1426-04 4.526-05 -4.81E-05 -1.30E-04 1.42€-04 452605 -4ABE-05 -14E-04

-1.51E-04 -4.8E-05 1.46E-04 -1.5E-04 -4.8E-05 5.126-05 1.46E-04 -1.5E-04 -4.8E-05 S5.12£-05 1.48E-04 -1.5E-04 -48E-05 512605 148E-04 -1.5E-04 -4.6E05 5.12€-08 148E-04 -1.5E-04 4.81E-05 S.126-05 1.48E-04
4 34E-04 -1.4E-04 1.48E-04 43E04 -1.4E-04 148E-04 4.29E-04 -4.3E04 -14E-04 1.40E-04 4.25E-04 43E-04 -14E-04 1.48E-04 4.25E04 -43E-04 -1.4E-04 1.48E-04 4.25E-04 -43E-04 -1.30E-04 148E-04 4.25E-04
443604 142604 -13E04 -43E-04 142604 -1.5E-04 -4.3E-04 4.43E04 1.426-04 -1.5E-04 4.3E-04 4.43E-04 142604 15604 -4.3E-04 4.43E-04 142604 -151E-04 -4.34E-04 4.43E-04 142604 -1.5E-04 -4.3E-04
142604 452605 48E-05 -14E-04 1.426-04 4BEOS -1.4E04 142604 452605 -4.8E-05 -14E-04 1426-04 4.526-05 -4.8E-05 -1.4E-04 142604 452605 -481E05 -1.30E-04 142604 452605 48E0S -1.4E-04
1S1E-04 -408E-05 5.126-05 1.48E-04 -1.5E-04 -4.8E-05 1.48E-04 -1.5E-04 -4.8E-05 5.12605 1.48E-04 -1.5E-04 -4.8E05 S.126-05 1.48E-04 -1.56-04 -4.8€-05 5.12€-05 1.48E-04 -1.5E-04 4.81E-05 S5.126E-05 1.48E-04
4.34E-04 -1.4E-04 1.40E-04 4.25E-04 -4.3E-04 -1.4E-04 1.43E-04 43E-04 -1.4E-04 148E-04 4.25E-04 -43E-04 -14E-04 148E-04 4.25E-04 -4.3E-04 -14E-04 1.48E-04 4.25E-04 -43E-04 -1.39E-04 1.48E-04 4.25E-04
443E04 142604 -156-04 -4.3E-04 4.43E-04 142€-04 -1.5E-04 -4.3E-04 1.42E-04 -15E-04 -4.3E-04 4.43E-04 1.426-04 -15E-04 -4.3E-04 4.43E-04 142604 -151E-04 -4.34E-04 4.43E-04 1.426-04 -1.5E-04 -4.3E-04
142604 452€-05 -48E-05 -1.4E-04 142604 452605 -4.8E-05 -14E04 142604 4.8E-05 -1.4E-04 142604 452605 -4.8E-05 -14E-04 142604 452605 -481E05 -1.30E-04 142604 452605 4B8E-05 -1.4E-04
S1.51E-04 -4.8E-05 512605 148E-04 -1.5E-04 -4.0E-0S 612605 1.48E-04 -1SE-04 -4.8E-05 1.48€-04 -1.5E-04 -4.8E-05 S5.126-05 148E-04 -1.5€-04 -4.8E-05 5.12€-05 1.48E-04 -1.5E-04 4.81E-05 S.126E-05 1.48E-04
4.34E-04 -1.4E-04 1.45E-04 4.25E04 -4.3E-04 -1.4E-04 148E-04 4.25E-04 4.3E-04 -1.4E-04 1.48E-04 4.3E-04 -14E-04 1.48E-04 4.25E-04 -4.3E-04 -1.4E-04 1.48E-04 4.25E-04 -4.3E-04 -1.30E-04 1.48E-04 4.25E-04
4A3E-G4 142604 -1.5E-04 -4.3E-04 4.43E-04 142604 -1.5E-04 -43E-04 4.43E-04 142604 -1.5€-04 -4.3E-04 142604 -15E-04 -4.3E04 4.43E-04 142604 -151E-04 -434E-04 443E04 142604 -1.5E-04 ~4.3E-04
142604 4526-05 -4.8E-05 -1.4E-04 142604 452605 -4.8E-05 -1.4E-04 1.426-04 4.526-05 -4.8E-05 -14E-04 1.42€-04 48E-05 -1.4E-04 142604 452605 -481E-05 -1.30E-04 1.426-04 452605 -4.8E-05 -14E-04
1S1E04 -48E-05 5.126-05 1.48E-04 -1.5E-04 -4.8E-05 S5.126-05 1.48E-04 -1.5E-04 -4.8E-05 S5.12E-05 140E-04 -1.5E-04 -4.8E-05 1.48E-04 -1.5E-04 4B8E-05 5.126-05 148E-04 -1.5E-04 4B81E-05 5.126-05 1.48E-04
4 3E-04 -1.4E-04 1.48E-04 4.25E-04 -43E-04 -14E-04 148E-04 4.25€-04 -4.3E-04 -1.4E-04 1.48E-04 4.25E-04 -4.3E-04 -14E-04 1.48E-04 -4.3E-04 -14E-04 1.48E-04 4.25E-04 -4.3E-04 -1.39E-04 1.48E-04 4.25E-04
443E-04 1.426-04 -15E-04 -4.3E-04 4.43E-04 1.426-04 -15E-04 -4.3E-04 4.43E-04 1.42E-04 -1.5E-04 -43E-04 4.43E-04 142604 -15E-04 -43E-04 1426-04 -1.51E-04  -4.34E-04 4.43E-04 1.426-04 -1.5E-04 -4.3E-04
142604 4526-05 -4.8E-05 -1.4E-04 1.42E-04 4.526-05 -4.8E-05 -14E-04 1.426-04 4852605 -4.0E-05 -1.4E-04 142604 452605 -4.8E-05 -1.4E-04 1.42€-04 -4.81E-05  -1.30E-04 1.42€-04 452605 -4.8E-05 -14E-04
151E-04 -4B8E-05 5.126-05 148E-04 -15E-04 -4.8E-05 5.12£-05 1.48E-04 -1.5E€-04 _48E-05 5.126-05 148E-04 -1.5E-04 -4.BE-05 S5.12E05 1.48E-04 -1.5E-04 -4.8E-05 1.48E-04 -1.5E-04 -4B1E-05 5.126-05 1.48E-04
4.34E-04 -1.4E04 1.48E-04 4.25E-04 -4.3E-04 -1.4E-04 1.48E-04 4.25E04 -4.3E-04 1.4E-04 14BE-04 4.25E-04 -4.3E-04 -1.4E-04 1.48E-04 4.25E-04 -4.3E-04 -14E-04 1.48E-04 4.3E-04 -1.30E-04 1.48E-04 4.25E-04
443E-04 1426-04 -1.5E-04 -4.3E-04 4.43E-04 1426-04 -1.5E-04 -4.3E-04 4.43E-04 1.42E-04 1.SE-04 -4.3E-04 4.43E04 1.42E-04 -1.5E-04 -43E-04 4.43E-04 142604 -1.51E-04 4.4E-04 1.426-04 -15E-04 -4.3E-04
1426-04 4526-05 -4.8E-05 -1.4E-04 1.42E-04 4526-05 -4.8E-05 -1.4E-04 1.426-04 4526-05 -4.8E-05 -1.4E04 142604 452605 -4.8E-05 -14E-04 142604 452605 -4B1E05 -1.30E-04 1.426-04 4.8E-05 -1.4E-04
151E-04 -4.8E-05 512605 146E-04 -1.5E-04 -4.8E-05 S5.12€-05 1.48E-04 -1.5E-04 4.8E-05 5.12€-05 1.48E-04 -1.5E-04 -4.3E-05 $.12605 1.48E-04 -1.5E-04 -4.8E-05 5.126-05 1.48E-04 -1.5E-04 -481E-05 1.48E-04

AME-04 -14E-04 1.48E-04 4.25E-04 -4.3E-04 -1.4E-04 148E-04 4.25E-04 -4.3E-04 -1.4E-04 1.48E-04 4.256-04 -4.3E-04 -1.4E-04 148E-04 4.25E-04 -4.3E-04 -1.4E-04 1.48E-04 4.256-04 4.3E-04 -1.20E-04 1.48E-04

443604 -ASEOS -5.1E05 -43E-04 44E-04 -4.5E-05 -5.1E-05 -4.3E-04 -4.4E-04 -4.5E05 SAE05 -43E-04 44E-04 -45E-05 -S.1E-05 -4.3E-04 -44ME04 -4S5E-05 -5.12£05 -4.25E-04 -44E-04 45205 -5.1E05 4.3E-04
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Table A-4 (Continued)

Cross Product Terms

d/dMi*d/dM|* SMI*SM

- E -8.1E- g . X -8.1 . . . . . ¥ . ¥ . . . ¥ . - -8.1E-07
206E-07 -0.0E-08 -206E-07 200E-07 B.40E-08 -9.0E-08 -26E-07 200E-07 049E-08 -9.0E-D8 -26E-07 2066EQT B49E-08 -QOE-08 -26E-07 206E-07 B40E-08 -9.03E-08 -2.60E-07 266E-07 8.40E-08 -0.0E-08 -26€E-07

-283E07 -0.0E-08 277€07 -28E07 -90E-08 0.61E-08 277E-07 -28E-07 -0.0E-08 0.61E-08 2.77E07 -28E07 -9.0E-08 9.01E08 2.77€E-07 -2.8E-07 -9.0€-08 9.61E-08 277€E-07 -28E-07 -0.03E-08 0.61E-08 2.77E-07
8.15E-07 -20E-07 277€E-07 -8.1E-07 -26E-07 277E-07 798E-07 -8.1E-07 -26E-07 277EO7 7H8E-OT -B.1EO7 -28E07 277E-07 7.98E-07 -8.1E07 -26E-07 27707 7.88E-07 -8.1EQ7 -260E07 277E07 7.68E-07
832607 260E-07 -208E07 -8.1E-07 200E-07 -28E-07 -8.1E-07 8.326-07 2.06E-07 -28E-07 -8.1E-O7 832607 260E-07 -28E-07 -8.1E-07 8.326-07 2.066E-07 -283E-07 -8.15E-07 8.32€-07 2060E07 -28E-07 -8.1E-07
200E-07 840E-08 -00E-08 -26E-07 266E-07 -Q0E08 -206E-07 200E-07 B8489E-08 -9.0E-08 -20E-07 206E-07 B49E08 -Q.0E08 -20E07 2060E-07 B8.40E08 -9.03E-08 -260E-07 2.06E-07 0.40E-08 -90E-08 -26E-07
-283E07 -9.0E08 ©GIE-08 277E-07 -28E07 -9.0E-08 277E-07 -28E-07 -9.0E-08 ©.81E-08 2.77E07 -28E-07 -0.0E-08 9.81E-08 2.77E-07 -20E07 -9.0E-08 9.01E-08 277E07 -28E-07 -9.03E-08 0.61E-08 2.77E-07
8.15E07 -26E-07 2.77€E07 7.08E-07 -8.1E07 -26E-07 277€E07 B.1E07 -206E07 277E07 7.08E-07 -8.1EO7 -26E-07 277EO7 7.08E07 -8.1EQ7 -20E-07 2.77€-07 7.88E07 -B8.1€E-07 -2060E-07 2.77E-07 7.88E-07
832607 206E-07 -28E-07 -S.1E-07 832607 268E-07 -28E07 -8.1E-07 200E-07 -28E07 -8.1E-07 B8.32E-07 200£-07 -28E07 -8.1E07 8.32€-07 200E-07 -283E-07 -8.15€-07 8.326-07 208E-07 -28E-07 -81E-07
260E-07 8.49E-08 -90E-08 -20E-O7 200E-07 B8.40E-08 -9.0E-08 -26E-07 280E07 -0.0E-08 -26E07 200E07 B849ED8 -9.0E-08 -26E07 200E07 B.49E08 -9.03E08 -200E-07 200E-07 8.40E-08 -9.0E-08 -26E-07
-283E07 -9O0E08 0O1E-08 277E-07 -28E0T -9.0E-08 0O1E08 2.77E-07 -2.6E-07 -9.0E-08 277€07 -28E-07 -9.0E-08 ©61E08 277E07 -28E-07 -9.0E-08 9.61E-08 277€E-07 -28E07 QO03E08 0.61E08 277E-07
-8.15E-07 -26E-07 277€E07 7YS6EQT -B.1E-O7 -26E07 277E-07 7.08E-07 -8.1E07 -26E-07 2.77E-07 -8.1E-07 -206E07 2.77E-07 7.08E-07 -8.1E-07 -2.6E-07 2.N€-07 798E-07 -8.1E-07 -200E07 2.77E-07 7.98E-07
832607 206E-07 -28E07 -8.1E-07 3832607 2060E-07 -28E-07 -8.1E-07 8.326-07 2060E-07 -28E-07 -8.1E07 206E-07 -28E-07 -8.1E-07 B8.326-07 2060E-07 -283E07 -8.15E-07 8.32€-07 200E07 -28E-07 -B8.1E07
2060E-07 8.49E-08 -GOE-08 -20E-07 200E-O7 0.40E-08 -0.0E-08 -26E-07 200E-07 8.49E-08 -9.0E-08 -206E-07 2606E-07 -0.0E-08 -2B8E-07 2086E-07 B8.49E-08 -903E-08 -2.00E-07 206E-07 8.40E-08 -9.0E-08 -2.68E-07
-283E-07 90E-08 961E-08 277E-07 -28E-07 -9.0E-08 961E-08 2.77E-07 -28E07 -0.0E-08 9.61E0V8 277€E-07 -2.8£-07 -90.0E-08 2.77€-07 -2.0E-07 -9.0E-08 9.61E-08 277E-07 -28EQT H.03ED8 9.01E08 2.77E-07
-8.19E-07 -26E-07 277E-07 7.08E-07 -8.1EQ7 -20E-07 277E-07 7.08E-07 -8,1E07 -20E-O7 2.77EQ7 7.08E-07 -8.1E07 -2.0E-07 2.77E-07 8.1€-07 -206E-07 2.77€-07 798E-07 -8.1EO7 -2.00E-07 2.77€-07 7.06E-07
832607 2066E-07 -28E-07 -8.1E-07 832£07 200E-07 -28E-07 -8.1E07 832607 2006E-07 -28E-07 -B.1E-O7 B.326-07 200E-07 -28E-07 -8.1E-07 200E-07 -283E07 -B.13E-Q7 83207 2066E-07 -28E-07 -8.1E-07
200E-07 8.40E-08 -90E-08 -26E-07 2066E-07 8.40E-08 -0.0E-08 -26E-07 200E-07 B8.49E-08 -9.0E-08 -26E-O7 2086E-07 B8.49E-08 -0.0E-08 -20E-07 2.06E-07 -8.03E-08 -260E-07 2.06E-07 8.40E08 -9.0E-08 -268€-07
-283E07 -0.0E-08 961E-08 277E-07 -28E07 -9.0E-08 9.61E08 2.77E0T -28E-07 -9.0E-08 9.61E08 277E07 -2.8E-07 -9.0E-08 0.61E-08 2.77E-07 -2.8E-07 -9.0E-08 277E07 -28E-07 -0.03E-08 B.61E-08 2.77€-07
8.18€07 -26€E07 277E07 T1.88E-07 -B.1EO? -20E-07 277E0T7 7.98EO7 -8.1E07 -2.6E07 2.77€07 7.98E-07 -8.1E-07 -28E-07 277E-07 7.08E-07 -8.1E07 -2.6607 2.77E-07 -8.1E07  -2060€E-07 2.77E-07 7.08E-07
8.32£07 206E-07 -28E-07 -8.1E-07 8.326-07 200E-07 -28E-07 -8.1E-07 B8.326-07 2068E-07 -28E-07 -8.1E-07 8.32E-07 260E-07 -2.8E-07 -8.1E-07 8.32607 200E07 -283E-07 -8.15E-07 280E-07 -28E-07 -8.1E07
200E-O7 8.40E-08 -9.0E-08 -20E-07 2060E-07 B.49E-08 -0.0E-08 -20E-07 2060E07 B49E-08 -9.0E-08 -26E-07 2066E-07 8.49E-08 -0.0E-08 -26E-O7 2.066E-07 B49E08 -9.03E08 -2.60E-07 2066E.07 -8.0E-08 -2.6E-07
-283E-07 -0.0E-08 0.01E-08 2.77E-07 -28E-07 -0.0E-08 9.01E-08 2.77E07 -28E-07 -0.0E-08 0.01E-08 2.77€E-07 -28E-07 -9.0E-08 0.01E-08 2.77EO7 -2.8E-07 -9.0E-08 9.01€-08 277E07 -28E-07 9.03E-08 2.ME-07

0.15€07 -26E-07 277E07 7.98E-Q7 -8.1E-07 -26E-07 277E07 7.08E-07 -8.1E-07 -20E-07 277E07 7.08E-07 -8.1E-07 -20E-07 2.77€E-07 7.08E-07 -8.1E07 -2.6E-07 2.77€-07 7.08E-07 -8.1E07 -2.00E0? 2.77E-07

832607 -85E-08 -0.6E-08 -B.0E-07 -8.3EQ7 -85E08 -0.6E-08 -8.0E07 -BIEO7T -8.5E-08 -9.6E-08 -B.OEO7T -B.IE07 -8.5E-08 -G.6E-08 -B.OE-07 -B.IEO7 -85E08 -Q.01E-08 -7.08E-07 -8.3E07 -B49E08 -90E-08 -8.0E-07

E -8 9k I 2. .4 . . . X . . X 6.47E-0: . . 2, 6.47E-0 . . 6.4 X
0.47E-07 -2.2607 -63E-07 O47E-07 207E-07 -226-071 -8.3E-07 O6.47E07T 207E-07 -226-07 -8.3E-07 O6.47E-07 207E-07 -2.26-07 -0.3E-07 O.47E-07 207E-07 -2.20E07 -6.34E-07 0.47E-07 207€07 -2.26-07 -8.3E07
-0.80E-07 -2.2£-07 O.75E-07 -8.9E-07 -22607 2.34E07 O0.75E-07 -6.9EO07 -2.26-07 2.34E-07 0.75E07 -8.9E-07 -2.26-07 2.34E0T O.75E-07 -8.9E-07 -2.26-07 2.34E07 6.7SE07 -88E-07 -2.20E07 2ME-07 6.75E07
-1.88E-08 -8.3E-07 0.75E-07 -20E-08 -8.3E-07 6.75E-07 1.94E-08 -20E-06 -0.3E-07 0.75E-07 1.84E-06 -20E-08 -8.3E-07 6.75E-07 1.04E-06 -20E-08 -8.3E-07 6.75E-07 1.94E-08 -20E08 -8.34E-07 6.75E-07 1.94E06
203E-08 647E-07 -89E-07 -20E-08 6.47E-07 -0.9€-07 -20E-06 203E-06 O0.47E-07 -8.0E-07 -20E-08 203E-00 O47E-07 -8.0E-07 -20E-06 203E-08 647E-07 -6.80E-07 -1.88E-00 2.03E-00 047E-07 -0.8E-07 -2.0E-00
B8.47E07 207E-07 -226-07 -83E-07 8.47€E-07 -2.26-07 -6.3E-07 O.47E-07 207E07 -226-07 -8.3E07 O.47E-07 207E07 -226-07 -6.3E-07 O.47E-07 207E-07 -2.20E-07 -0.34E-07 8.47E07 207E07 -22£07 -0.3E-07
6.80E-07 -226-07 234E07 O.73E-07 -8.9E-07 -2.2£-07 0.75E-07 -0.0E-O7 -2.26-07 234E-07 O.75€-07 -88E-07 -2.2607 2.34E-07 O0.7SE-07 -8.9E-O7 -2.26-07 2.34€-07 6.75E07 -68E07 -2.20E07 2.34E-07 0.75€-07
-1.88E-08 -6.3E-07 6.75E-07 1.94E-00 -20E-06 -8.3E-07 6.75E-07 -20E-06 -8.3E-07 6.75E-07 1.94E06 -20E-08 -6.3E-07 6.75E-07 1.04E-08 -2.0E-08 -8.3E-07 6.75E-07 1.84E-06 -20E-08 -6.34E-07 O.7SE-07 1.84E-08
203E-08 6.47E-07 -8.0E-07 -20E-08 203E-06 0.47E-07 -69E-07 -2.0E-06 6.47E-07 -8.0E-07 -20E-08 203E-06 8.47E07 -8.9E-07 -20E-08 2.03E-08 0.47E-07 -6.80E07 -1.98E-00 2.03E-08 0.47€E07 -89E-07 -20E-08
847€-07 207E-07 -2.26-07 -8.3E-07 O47E-07 207E-07 -2.2£-07 -0.3E-07 O.47E-07 -2.2607 -0.3E-07 047E07 207EQ7 -226-07 -8.3E-07 O.47E-07 207E-07 -2.206-07 -6.34E-07 6.47E-07 207E07 -2.26-07 -0.3£-07
-8.80E-07 -2.26-07 234E-07 O.75E-07 -68E-07 -2.2E-07 234E-07 0.75E-07 -0.9E-07 -2.26-07 6.75E-07 -8.9E-07 -2.2E-07 2.34E-07 O.756E07 -8.9E-07 -2.26£-07 2.34E-07 6.75€07 -8.0E07 -2.20E07 2.34E-07 0.75E-07
-1.98E-08 -0.3E-07 6.75E-07 104E-06 -20E-08 -8.3E-07 ©.75E-07 164E-08 -20E-08 -0.3E-07 8.75E-07 -20E-08 -0.3E-07 6.75€-07 1.04E08 -20E08 -83E-07 6.75€-07 1.94E-06 -20€-06 -8.34E-07 6.75E-07 1.04E-08
203606 847E-07 -69E-O7 -20E-00 203E-06 O0.47E-07 -6.9E07 -20E-08 203E-06 6.47E-07 -8.9E-07 -2.0E-08 6.47E-07 -0.0E-07 -20E-06 203E00 O.47E-07 -8.89E-07 -1.08E-08 2.03E-00 0.47E-07 -89E-07 -20E-08
6 47€E-07 207E-07 -2.26-07 -8.3E-07 O47E-07 207E07 -2.26-07 -0.3E-07 G647E-O7 207E-07 -2.2607 -6.3E07 8.47E-07 -2.26-07 -6.3E-07 6.47€07 207E07 -2.20E-07 -8.34E-07 O.47€E-07 207E07 -2.2£-07 -8.3£-07
-8.80E-07 -22E-07 234E-07 6.75E-07 -8.9E-07 -2.2E07 2.34E07 O.7SE07 -68E-07 -2.26-07 2.34E-07 6.75E-07 -6.9E07 -2.26-07 8.75E07 -6.9E-07 -2.2£-07 2.34E-07 6.75E-07 -0.9E-07 -220E-07 2.34ED7 6.75E-07
-198E-08 -6.3E-07 6.75E-07 104E-08 -20E-08 -8.3E07 O.75E-07 194E-08 -20E-06 -6.3E-07 6.75E-07 1.94E-08 -20E08 -8.3E-07 0.75€-07 -2.0E-06 -8.3E-07 0.75E-07 1.84E-08 -20E08 -8.34E-07 6.75E-07 1.94E-08
203E-06 647E-07 -89£-07 -20E-08 203E-06 6.47E07 -0.9E-07 -20E-08 203E-00 0.47E-07 -6.0E-07 -20E-06 203E-08 0.47E-07 -8.9€-07 -2.0E-08 8.47E-07 -6.80E-07 -1.08E-06 203E-08 G8.47E-07 -BOEQ7 -2.0E-08
6.47€-07 207E-07 -22£-07 -8.3E-07 647E-07 207E-07 -2.2E-07 -0.3E-07 OM47E-07 207E-07 -2.26-07 -8.3E-07 G6.47E-07 207E-07 -2.2£-07 -6.3E-07 6.47E-07 -2.20E-07 -0.34E-07 0.47E-07 207€07 -2.2£-07 -8.3E-07
‘8.80E07 -2.2£-07 234E-07 O.75E-07 -6.0E-07 -2.2E-07 234E-07 O.7SE-07 -0.9E-07 -2.2€-07 2.34E-07 6.75E-07 -6.9E-07 -2.26-07 234E-07 O6.75E-07 -8.9E-07 -2.26-07 6.75€-07 -8.0E07 -2.20E-07 2.34E-07 6.75€-07
-1.08E-06 -6.3E-07 0.75€-07 1.04E-08 -20E-08 -8.3E-07 6.7S5E-07 1.04E-08 -20E-08 -6.3E-07 6.75E-07 1.94E-08 -2.0E-06 -8.3E-07 O.75E-07 1.94E-08 -20E-08 -6.3E-07 6.75E-07 -20E-08  -8.34E-07 6.75E-07 1.94E-06
203E-08 0.47E-07 -60E-07 -20E-06 203E-08 6.47E-07 -6.0E-07 -20E-06 203E-08 647E07 -0.9E07 -20E-06 203E-08 O0.47E-07 -69E-O7 -20E-08 203E-08 6.47E-07 -6.80E-07 -1.08E-08 6.47E-07 -80E-O7 -2.0E-08
647E-07 207E07 -22607 -0.3E-07 647E-07 207€E-07 -2.26-07 -8.3E-07 O.47E-07 207E-07 -2.2607 -8.3E-07 6.47E-07 207E-07 -2.26-07 -8.3E-07 O.47E-07 207E07 -2.20E-07 -6.34E-07 O.47E-07 -2.26-07 -0.3E-07
0.80E07 -22E-07 234E-07 6.75E-07 -8.9E-07 -2.26-07 2.4E-07 O.7SE-07 -8.9E-07 -2.26-07 2.34E-07 O.75E-07 -8.9E07 -2.26-07 2.34E-07 O.75€-07 -89E-07 -2.26-07 2.34E-07 6.75E-07 -6.9E07 -2.20E-07 6.75€-07

-1.98€-00 -6.3E-07 6.75E-07 1.94E-08 -20E-08 -6.3E07 O.75E-07 1.94E-08 -20E-06 -6.3E-07 6.75€-07 1.04E-08 -20E-08 -6.3E-07 O.75E-07 1.94E-08 -2.0E-08 -8.3E-07 6.75E-07 1.04E-08 -20E08 -0.34E07 6.75E-07

-203E08 -2.1E-07 -23E07 -19E-08 -20E-08 -21E-07 -2.3E-07 -1.0E-08 -20E-08 -2.1E-07 -23E07 -1.9E-08 -20E-08 -21E07 -23E07 -1.9E-08 -20E-08 -2.1E-07 -2.34E07 -1.04E-08 -2.0E-08 -207E-07 -2.3E07 -1.8E-06



Table A-4 (Continued)

Cross Product Terms

dCP*d/dCP|*SCPI*SCP)
201E-04 -21E-04 - 28E- . AE- . . I -2. . . . X 0.28E-04 201E-04 -2.13E-04  -0.15E-04 0.28 201E04 -21E04 -8
201E-04 8E-05 -20E-04 201E-04 O.41E-05 -6.8E-05 -20E-04 201E-04 6.41€-08 BOE06 -20E04 201E-04 O0.41E05 -6.8E-05 -20E-04 201E04 O41E05 082605 -1 O7E-04 201E-04 641E05 -0BE05 -20E-04
-2.13E-04 -0 8E-05 200E-04 -2.1E-04 -88E05 7.20E05 2.00E04 -2.1E-04 -8.8E-05 7.20E-05 200E-04 -21E04 -08E05 7.20E05 200E-04 -2.1E-04 -8.6E05 7.20E-05 200E-04 -21E-04 08205 7.26E-05 200E-04
0.19E-04 -20E-04 2.00E-04 B8.2E04 -20E-04 200E-04 G03E-04 -0.2E04 -20E-04 200E-04 0.03€-04 62604 -20E-04 200E-04 O6.03E-D4 -0.26-04 -20E-04 2.00E-04 6.03E-04 -0.2604 -1.07E-04 2.00E-04 0.03E-04
6.20E04 201E04 -21E04 02604 201E-04 -2.1E-04 -0.2E04 0.28604 201E-04 -21E-04 -0.26-04 0.20E-04 201E-04 -2.1E-04 -6.26-04 6.20E-04 201E-04 -213E-04 -8.15E-04 6.20E-04 201E-04 -2.1E04 -8.2£-04
201E-04 041E05 -B8E0S5 -20E-04 201E-04 08E-05 -20E-04 201E04 6.41E05 -08E-05 -20E-04 201E-04 6.41E-0S 6.8E05 -20E-04 201E-04 G.41E-05 68205 -197E-04 201E-04 641E05 -B.8E-05 -20€E-04
.213E04 -0B8E0S 7.20E05 200E-04 -2.1E-04 -0.8E-05 200604 -2.1E-04 -0.0E-05 7.20E-05 200E-04 -21E-04 -0.0E-08 7.20E-08 2.00E-04 -2.1E-04 -6.8E05 7.26E-05 200E-04 -21E-04 88205 7.20E-05 2.00E-04
8.15E04 -20€-04 200E-04 G03E-04 -8.26-04 -20E-04 200E-04 02604 -20E-04 200604 O.03E-D4 -6.26-04 -20E-04 200E-04 ©0.03E-04 ©6.2604 -20E-04 2.00E-04 6.03E04 -0.26-04 -1.97E-04 200E-04 0.03E-04
6.20E-04 201E04 -21E04 -0.2E-04 0.20E-04 201E-04 -2.1E-04 -8.2€-04 201E-04 -2.1€-04 -6.26-04 O0.28E-04 201E-04 -2.1E-04 -8.2E04 0.28E-04 2.01E04 -2.13E-04 0.13E-04 0.26E-04 201E04 -21E-04 -0.26-04
201E04 641E08 -68E0S -20E-04 201E-04 G41ED3 -B.8E0S -20€-04 2.01E-04 0.0E-05 -20E-04 201E-04 O.41E0S -0B8E-08 -20E-04 201E-04 6.41E0S 002605 -197E-04 201E-04 641E05 -B3E05 -20E-04
213604 -06E-05 7.20606 200E04 -2.1E04 -60E-05 7.20E-06 200E-04 -2.1E-04 -0.0E-05 200€04 -21E04 -0.8E05 7.20E-05 209E-04 -21E-04 -0.8E-05 7.20E-08 200E-04 -21€-04 082605 7.20606 2.00E-04
S15€-04 -20E04 200E04 GOIE-O4 -8.26-04 -20E-04 200E-04 6.03E-04 0.26-04 -20E-04 200E-04 9.2604 -20E-04 200E-04 O0.03ED4 -0.26-04 -20E-04 2.00E-04 0.03E04 -6.2£04 -1.07E04 200E-04 0.03E-04
6.206-04 201E-04 -21E-04 -0.2604 @.28E04 201E-04 -2.1E-04 -8.2£:04 0.26E-04 201E-04 -2.1E04 -8.26-04 201E-04 -2.1E04 -0.2604 O6.20E04 201E-04 -2.13E-04 -8.15E-04 0.20E-04 201E-04 -21E-04 -8.26£04
201604 641605 -0.8E05 -20E-04 201E-04 G.41E-05 -0.8E-05 .20E-04 201E-04 041E-05 -6.8E-05 -20E-04 201E-04 8O0E-05 -20E-04 201E-04 G641ED5 -682€-05 -1.97E-04 201E-04 0.41E-05 -B88E-05 -20E-04
213604 -08E05 7.20E05 200E-04 -2.1E-04 -6.8E-05 7.20E-08 200604 -2.1€-04 -8.8E-05 7.20E-05 2.00E04 -2.1E-04 -0.0E-05 200E-04 -2.1E-04 -0.8E-05 7.26E-06 200E-04 -2.1E04 -8.826-05 7.20E-05 2.00E-04
0.15E-04 -20E04 200E-04 GO03E-O4 -6.26-04 -20E-04 2.00E-04 0.03-04 -6.2604 -20E-04 200E-04 O.03E04 -8.26-04 -20E-04 2.00E-04 0.26-04 -20E-04 2.00E-04 6.03E-04 -6.26-04 -1.07E-04 2.00E-04 O6.03E-04
0.28E-04 201E04 -2.1E04 -8.2E-04 0.20E-04 201E-04 -21E-04 -8.26-04 6.20E-04 201E-04 -2.1E-04 -8.26:04 0.28E-04 201E-04 -21E-04 -6.2£-04 201E-04 -2.13E04 -8.15E-04 0.28E-04 201E-04 -2.1E-04 -8.26-04
201E-04 641E-05 -68E05 -20E04 201E-04 O641E-05 -8.8E-05 -20E-04 201E-04 G41E-05 -6.8E0S -20E-04 201E-04 O41E-0S -8.8E-05 -20E-04 201E-04 B.826-05 -1.97E-04 201E-04 G.41E-05 -BL8E05 -20E-04
.213E-04 -08E-065 T.26E-05 200E-04 -2.1E-04 -8.8E-05 7.20E-05 2.00E-04 .2.1E-04 -8.0E-03 7.20E-05 200E-04 -2.1E-04 -B.8E-05 7.20E-05 200E-04 -2.1E-04 -0.8€-05 2.00E-04 -2.1E-04 -0.82E-03 7.20E-05 2.00E-04
81SE04 -20E-04 200E-04 OO03E-04 -0.26-04 -20E-04 200E-04 0.03E-04 -8.2E-04 -20E-04 200E-O4 O8.03E-04 -8.2E-04 -20E-04 200E-04 6.03E-04 -0.2E-04 -20E-04 2.00E-04 82604 -1.97E04 208E-04 O.03E-04
6.28604 201E-04 -2.1E-04 -6.2E-04 0.20E-04 201E-04 -2.1E-04 0.2604 O.20E04 201E-04 -2.1E-04 -6.2E-04 ©.20E-04 201E-04 -2.1E04 -6.2604 0.28E-04 201E-04 -2.13E-04 -0.15E-04 201E-04 -21E-04 -0.26-04
201E04 B41E05 -88E0S -20E-04 201E-04 6.41E-05 -6.8E-05 -2.0E-04 201E-04 O41E-05 -8.8E-08 -20E-04 201E-04 G41E-05 -.0E-05 -20E-04 201E-04 0.41E-05 -6.02€-05 -1.97E-04 201E-04 08E-08 -20E-04
213604 -08E05 7.20E-05 200E-04 -2.1E-04 -8.8E-08 7.20E-05 200E04 -2.1E04 -8.8E-0S 7.20E05 200E-04 -2.1E04 -0.8E-05 7.20E-05 200E-04 -2.1E-04 -6.8E-05 7.26E-05 200E-04 -2.1E-04 882605 2.00E-04

815604 -20E04 200E-04 603EO4 -6.2E04 -20E-04 2.00E-04 0.03E-04 .2E04 -20E-04 200€-04 O.03E04 -6.26E-04 -20E-04 200E-04 GO03E04 -0.2604 -20E-04 2.00E-04 6.03E-04 -0.2€-04 -1.97E-04 200E-04

8.28E-04 -O4E-05 -73E-05 -6OE-04 -8.3E-04 -04E-05 -7IE0S -0.0E04 63E04 -B4EOS -73E05 -8OE-04 -8.3E-04 -04E0S -73E-05 -0.0E04 -0.3E-04 -B4E0S -7.20E05 -6.03E-04 -83E-04 -041E-05 -7.3E05 -6.0E-04

TaE.03  -23C- ) ; 18E- ) ; y ; - ; X - X - X 2 23203 GJOE03 6.84E-03 18E03  -23E03  B8.JE03
2.18E-03 JAE-04 -21E03 2.18E-03 B808E-04 -7.4E04 -21E-03 2.18E-03 6.08E-04 -T4E-04 -29E-03 2.18E-03 6 . . X 7.43E04 -2.14E03 218603  6G8E-04 -T4E04 -2.1E-03

-232603 -74E-04 220603 -23E-03 -7.4E-04 7.90E-04 2.28E-03 -23E-03 -74E-04 7.00E-04 220E-03 -23E-03 -7.4E-04 T7.00E-04 220E-03 -23E-03 -7.4E-04 7.00E-04 228603 -23E-03  -7.43E-04 7.00E-04 228E-03
-0.70E-03 -21E-03 2.20E-03 0.7E-03 -2.1E-03 2.20E-03 0.30E-03 -6.7E-03 -2.1E-03 2.20E-03 6.56E-03 -0.7E-03 -21E-03 2.28E-0) 6.56E-03 -6.7E03 -2.1E-03 2.20E-03 886E-03 -0.7E-03 -2.14E-03 2.28E-03 6.56E-03
6.84E-03 2.18E-03 -23E-03 -67E-03 218E-03 -23E03 -0.7E-03 O.84E-03 2.18E-03 -23E-03 -6.7E-03 6.84E-03 2.18E-03 -23E-03 -6.7E03 6.84E-03 21803 -232603 -0.70E-03 6.34£-03 216E-03 -23E-03 -6.7E-03
2.18E-03 O 6E-04 -7.4E-04 -21E-03 218E-03 7.4E04 -2.1E03 2.18E-03 O6.98E-04 -TAE-04 -21E-03 218E-03 6.08E-04 7.4E-04 -2.1E03 2.18E-03 O.08E-04 -7.43E-04 -2.14E-03 2.18E-03 0.83E-04 -74E-04 -2.1E-03
.232603 -7T4E-04 7.90E-04 220E-03 -23E-03 -7.4E-04 220603 -2.3E-03 -7.4E-04 7.90E-04 220E03 -23E-03 -T4E-04 7.00E-04 2.28E-03 -2.3E-03 -7.4E-04 7.90E-04 228E-03 -23E-03 -7.43E-04 7O0E-04 2.28E-03
L6.70E03 -2.1€-03 228E-03 6.56E-03 -6.7€-03 -2.1E-03 228E-03 67603 -2.1E-03 2.26€-03 6.56E03 -67E-03 -21E03 228E-03 6.56E-03 -0.7E-03 -2.1E-03 2.28E-03 6.50E-03 -6.7E-03 -214E-03 2.28E-03 6.56E-03
884E-03 218E-03 -2.3E-03 -0.7E-03 6.84E-03 218E-03 -23E-03 -87E-03 2.18E-03 -23E-03 -87E-03 6.84E-03 218E-03 -23E-03 -8.7E-03 6.84E-03 2.18€-03 -2326-03  8.70E-03 0.84E-03 218E03 -23E03 -6.7E-03
218603 O098E-04 -7.4E-04 -21E-03 216E-03 6.98E-04 -7.4E-04 -21E-03 2.18E-03 _7AE04 -21E-03 2.18E-03 6.08E-04 -T.4E-04 -2.1E03 2.18E-03 6.08E-04  -7.43E-04 -2.14E-03  2.18E-03 0.98E-04 -74E-04 -2.1E-03
232603 -7T4E-04 7.90E-04 2.28E-03 -23E03 -74E-04 7.90E-04 2.28€-03 -2.3E-03 -7.4E-04 2.28E-03 -2.3E-03 -7.4E-04 7.00E-04 2.28E-03 -23E-03 -7.4E-04 7.90E-04 228E-03 -23E-03  -7.43E-04 7.90E-04 228E-03
870E-03 -21E-03 2.28E-03 6.50E-03 -6.7€-03 -2.1E-03 2.28E-03 6.56E-03 -8.7€-03 -2.1E-03 228E-03 6.7E-03 -2.1E-03 220E-03 0.50E-03 -6.7E-03 -2.1E-03 2.286-03 6.56E-03 -6.7E-03  -2.14E-03 228E-03 0.58E-03
6.84E-03 218603 -23E03 -6.7E-03 O.64E-03 218E-03 -23E-03 67603 O.84E-03 2.'8E-03 -2.3E-03 -6.7E-03 218603 -23E-03 -0.7E-03 6.84E-03 2.18E-03 -232€-03 -6.70E-03 0.84E-03 2.18E-03 -23E03 -07E-03
218E-03 6Q8E-04 -T4E-04 -21E03 2.16E03 608E-04 -74E-04 -2.1E-03 2.18E-03 6.98E-04 -7.4E-04 -2.1E-03 2.18E-03 7.4E-04 -21E-03 2.18E-03 6.98E-04 -T.43E-04  -2.14E-03 2.18E-03 8.08E-04 -74E-04 -2.1E03
232603 -T4E-O4 7.90E04 228E-03 -23E-03 -7.4E-04 7.00E-04 228E-03 .23E-03 -T4E-04 7.90E-04 2.20E-03 -23E-03 -7.4E-04 228603 -23E-03 -7.4E-04 7.90E-04 2.20E-03 -23E-03 -7.43E-04 T9OE-04 2.28E-03
870603 -21E-03 2.28E-03 6.50E03 -0.7E-03 -2.1E-03 2.28E-03 0.50E-03 67603 -2.1E-03 2.26E-03 6.56E03 -6.7E-03 -2.1E-03 2.28€-03 -8.7E03 -2.1E-03 2.20€-03 6.50E-03 -8.7E-03  -2.14E-03 228E-03 0.56E-03
8.84E-03 218E-03 -23E-03 -67E03 6.84E-03 2.18E-03 -2.3E-03 8.7E-03 G6.84E-03 2.18E-03 -23E-03 -6.7E-03 O0.84E-03 2.18E-03 -2.3E-03 -6.7€-03 2.18E-03  -232E-03  -0.70E-03 6.84E-03 218E-03 -23E03 -0.7E-03
218E-03 6.08E-04 -7.4E-04 -21E-03 218E-03 698E-04 -T4E-04 -21E-03 2.186-03 698E-04 -7.4E-04 -2.1E-03 218E-03 G698ED4 -7.4E04 -2.1E-03 2.18E-03 -7.43E04  -2.14E-03 2.18E-03 0.98E-04 -74E-04 -2.1E-03
232603 -7.4E-04 7.90E-04 2.20E-03 -23E03 -7.4E-04 7.00E-04 2.28E-03 -2.3E-03 -7.4E-04 7.90E-04 228E-03 -23E-03 -74E-04 7.90E-04 2.28E-03 -2.3E-03 -7.4E-04 2.28E-03 -23E-03  -7.43E-04 790E-04 228E-03
8.70E-03 -2.9E-00 2.28E-03 6.50E-03 -67E-03 -21E-03 2.26E-03 0.56E-03 .6.7E-03 -2.1E-03 2.28E-03 0.56E-03 -6.7E-03 -2.1E-03 2.28E-03 6.56€-03 -6.7€-03 -2.1E-03 2.28E-03 67E-03 -2.14E-03 220E-03 06.56E-03
0.84E-03 218603 -23E-03 -67E-03 O.84E-03 2.18E-03 -2.3E-03 07E-03 G.84E03 218E-03 -23E-03 -6.7E-03 O.84E-03 2.186-03 -2.3E-03 -6.7E-03 6.04E-03 2.18E-03 -232£-03  -6.70E-03 2.18E-03 -23E-03 -60.7€E-03
218E-03 608E-04 -7.4E-04 -21E-03 218E-03 O.9BE-04 -7.4E-04 -21E-03 2.18E-03 6.98E-04 -7.4E-04 -2.1E-03 218E-03 6.00E-04 -74E-04 -2.1E03 2.18E-03 6.08E-04  -T43E-04 -2.14E-03 2.18E-03 -7.4E-04 -2.1E-03
.2326-03 -7.4E-04 7.90E-04 2.28E-03 -23E-03 -7.4E-04 7.90E-04 2.20E-03 -23E-03 -7.4E-04 7.00E-04 2.20E-03 -23E-03 -7.4E-04 7.00E-04 228603 -2.3E-03 -7.4E-04 7.90E-04 2.28E-03 -2.3E-03  -7.43E-04 2.28E-03

870603 -21E-03 2.26E-03 0.56E03 -6.7E-03 -2.1E03 220E-03 6.56E-03 87603 -2.1E-03 2.26E-03 6.56E-03 -0.7E-03 -2.1E-03 2.28E-03 ©6.50E-03 -6.7E-03 -2.1E-03 2.28E-03 6.56E-03 -0.7E-03  -2.14E-03 2.28E-03

884E-03 -7.0E-04 -7OE-04 -66E-03 -6.8E-03 -7.0E-04 -79E-04 -0.6E03 08603 -7.0E04 -7.0E04 -8.8E-03 -8.8E-03 -7.0E04 -70E-04 -86.6E03 -8.8E-03 -7.0E-04 -7.90E-04 -0.56E-03 -6.8E-03 -6.08E-04 -7.0E-04 -6.0E03



Bias Error Calculation -- Flue Gas Inlet

Average  Sigma Sigma
Valus  Abeolute Relative
uct Size
Mdih, 53 0.042 0.76%
Length, it s 0.042 0.20%
# ot Points 2
Midthwise 4
Lengthwise )
Sector Width, ft 1.38 0.042 3.03%
Sector Length, 280 0.042 1.44%
A, Sector Area R~ 2 3.0 0.134 3.35%
,deg F 680 8.600 1.00%
,deg R 1140 6.800 0.60%
smp Blas, deg F 100 25.00 deg FAength increment Spacial Blas
P.in WC 0.82831 0.0168 2.00%
I, ib/mol 2.7 0.050 0.17%
mb Pres, in. Hg 29.50
uct Pres, In. WC -1.50
s, in. Hg Absolute 22 0.040 0.14%
P, Pitot Fact 0.04 0.0100 1.10%
ominal Vel, fps 7488 ACFM= 358315 SCFM= 150080 ib/hre 750001
Input Date
Polnt Al Cpl DPI Mi Pel Ti m
1 3 0.84 082831 2N 2.3 1080.0 2721
2 3 0.04 0.82031% 21 2.2 11150 2.000
3 300 0.84 0.82831 2N 2.2 1140.0 2.001
4 3.00 084 082831 2N 223 1165.0 2632
S 3 0.84 0.82831 21 2. 1100.0 2.604
[} a0 0.84 0.82031 2N 2.2 1215.0 2577
7 3 084 082831 21N 2.2 12400 2551
8 390 0.84 0.02831% 2.7 223 1205.0 2520
L] 300 0064 0.82031 2.1 2.2 1200.0 2.801
10 e 0.64 0.82831 20N 2.23 1315.0 2.477
1" 300 084 0.82831 271 2.2 1000.0 2721
12 300 0.84 0.82831 2 2.2 1150 2.600
13 e 0.84 0.82821 27N 2.0 11400 2.001
14 30 0.84 0.82031 2N 2.0 11050 2032
% 3.99 084 0.02031 2N 2.3 1190.0 2.004
10 I 0.84 0.82831 2N 2.23 12150 2577
17 360 0.84 0.82631 21 2.23 12400 2.551
18 300 0.84 0.82831 2.7 2.2 1265.0 2.520
19 399 0.84 0.82831 271 223 1200.0 2.501
20 3.90 084 082831 2N 2.2 13150 2477
Temp: - Simple Averag 12025  SUM1
Temperature -- Weighted Average 1200.4 51.881

i} Ai*CPi(DPI*MI*PalfTI) ~0.5
) AI*CPI(DPI*MI*Pai*Ti)~ 0.5

Table A-5

Milliken Heat Pipe Air Preheater

2
205.9
2000.7
3033.1
3060.2
3008.9
31313
31634
3105.1
32208
axsre
2005.9
2000.7
3033.1
30008.2
3008.0
31313
3163.4
3195.1
32265
32578

SUM2
82218.2

Derivatives, dTa/dX

(dTa/dX*8igma) ~ 2

aTaldTl . dTe/dAl  dTajdCP  dTa/dDPI  dla/dMi  dia/dPal d/dTI*STI  d/dAI*SAl  d/dCPI*SCPI d/dDPI*SOP
SSIE02 -1.5E+00 -89E+00 -35E+00 -0.7E-02 -0.9E-02 1.40€-01 3.77E-02 4.75€-03 3.35£03
8.38E-02 -1.1E+00 -S3E+00 -27E+00 -7.4E02 -7.6E-02 1.34E-01 2.20€-02 2.78E-03 1.00E-03
8$.20E-02 -T7.6E-01 -3.7E+00 -1.0E+00 -5.2€-02 -5.3E-02 1.28E-01 1.08E-02 1.36E-03 9.38E-04
6.15£-02 -4.5E-01 -2.1E+00 -1.1E+00 -3.0E02 -3.1E-02 1.23E-01 3.62£-03 4.56E-04 3.226-04
5.04E-02 -1.3E-01 -6.2601 -3.1E-01 -8.7E03 -8.9E-03 1.18E-01 3.04E-04 3.83E-05 2.70E-05
4.04E-02 1.83E-01 B8.66E-01 4.39E-01 1.226-02 1.24E-02 1.13E-01 5.96E-04 7.51E-08 $.30E-05
4.84E-02 4.09E-01 232E400 1.18E4+00 3.28E-02 3.34E-02 1.08€E-01 4.20E-03 8.30E-04 3.80E-04
4.74E-02 7.89E-01 JA.75E+00 1.00E+00 S5.30E-02 6.38E-02 1.04E-01 1.11E-02 1.40E-03 9.01E-04
4.65E-02 1.08E+00 5.15E4+00 201E+00 7.27€E-02 7.30€-02 1.00E-01 2.10€-02 2.65€-03 1.87E-03
4.57€-02 1.37E+00 6.52E400 3.30E+00 0.21E-02 9.36E-02 9.64E-02 3.37E-02 4.23€-03 3.00E-03
S$.51E02 -1.5E+00 -09E+00 -3.5E+00 -9.7E-02 -0.9E-02 1.40E-01 3.77E-02 4.75€-03 3.35E-03
$.38E-02 -1.1E+00 -5.3E4+00 -2.TE+00 -7.4E02 -7.6E-02 1.34E-01 2.20E-02 278€E-03 1.96E-03
5.206-02 -7.8E-01 -3.7E+00 -1.9E+00 -5.2602 -5.3E-02 1.28E-01 1.08E-02 1.38E-03 0.58E-04
$.15€-02 -4.3E-01 -21E+400 -11E+00 -3.0E-02 -3.1E02 1.23E-01 3.026-03 4.50E-04 3.226-04
56.04E-02 -1.3E-01 -6.2E01 -3.1E01 -8.7E-03 -8.9E-03 1.18E-01 3.04E-04 J3.83E-05 2.70E-08
4.04E02 1.83E-01 B8.60E-01 4.39E-01 1.226-02 1.24E-02 1.13E-01 5.96E-04 7.51E-05 5.30€-05
4.04E-02 4.80E-01 232E+00 1.18E+00 3.28E-02 3.34E-02 1.08E-01 4.28E-03 5.30E-04 3.80E-04
4.74E-02 7.89E-01 3.75E+400 1.00E+00 5.30E-02 5.38E-02 1.04E-01 1.11E-02 1.40E-03 9.01E-04
4.65€-02 1.08E+00 5.15E+00 261E+00 7.27E-02 7.30E-02 1.00E-01 2.10E-02 2.65E-03 1.87E-03
4.57E-02 1.37E400 0.52£+400 3.0E+00 ©.21E-02 $.36E-02 9.64€-02 3.37€-02 4.25€-03 3.00£-03
T A cP oP
Contributlons (3) 4.64E+401 -217E-17 0.37E-18 1.07E-18
Total Sigma ~ 2
Tavg Sigma

d/dMI*SMI  d/dPsi"SPa
2.37E-08 1.58E-08
1.39E-05 9.25E-06
6.78E-00 4.52£-00
2.28E-08 1.52£-06
1.81E-07 1.2Z7E-07
3.75€-07 2 50E-07
2.60E-00 1.79€-08
T7.01E-08 4.63E-008
1.32£08 8.82£-08
212605 1.42608
237€E-05 1.58E-05
1.30E-08 9.25€-08
8.76E-00 4.526-00
2.26E-00 1.52£-00
1.91E07 1.27€-07
3.75€-07 2.50E-07
2.60E-00 1.79€-08
7.01E-08 4.68E-00
1.32€£-05 8.82€-00
2.126-05 142208

M Ps
2.75E-20 2.02€-20
46.41

8.81 deg F




Table A-5 (Continued)

Cross Product Terms
d)dTl'd/d‘q'sTl‘ST] _
1.37E-01 1.34E-01 1.31E-O1 1.28E-01 1.26E-01 1.23E-01 1.21E-01 1.19E-01 1.16E-01 1.40E-O01 1.37E-01 1.34E-01 1.31E-01 1.28E-01 1.26E-01 1.23E-01 1.21€-01 1.19E-0t 1.16E-01
1.37E-01 1.31E-01 1.28E-01 1.26E-01 1.23E-0% 1.20E-01 1.18E-01 1.16E-01 1.14E-01 1.37E-01 1.34E-01 1.31E-01 1.28E-01 1.26E-01 1.23E-0% 1.20E-01 1.18E-01 1.18E-01 1.14E-0t
1.34E-01 1.31E01 1.25€-01 1.23E-01 1.20E-01 1.18E-01 1.15E-01 1.13E-01 1.11E-01 1.34E-01 1{1.31E-01 1.28E-01 1.25E-01 1.23E-01 1.20E-0% 1.18E-01 1.15€-01 1.13E-01 1.11E-01
1.31E-01 1.28E-01 1.25E-01 §.20E-01 1.18E-01 1.15E-01 1.13E-01 1.11E-01 1.00E-01 1.31E-01 1.28E-01 1.25E-01 1.23E-01 1.20E-01 1.18E-01 1.15E-01 1.13E-01 1.11E-0t 1.06E-01t
1.28E-01 1.26E-01 1.23E-01 1.20E-01 115E-01 1.13E-01 1.11E-Of 1.08E-01 1.06E-01 1.28E-01 1.26E-01 1.23E-0t 1.20E-01 1.18E-01 1.15E-01 1.13E-01 1.11E-01 1.08E-01 1.08E-01
1.26E-01 1.23E-01 1.20E-01 1.18E-01 1.15E-01 1{.10E-01 1.08E-01 1.06E-O01 1.04E-01 1.26E-01 1.23E-01 1.20E-01 1.18£-01 1.15E-01 1.13E-01 1.10E-01 1.08E-01 1.06E-01 1.04E-01
1.236-01 1.20E-01 1.18E-01 1.15E-01 1.13E-01 1.10E-0% 1.06E-01 1.04E-01 1.02E-01 1.23E-01 1.20E-01 1.18E-01 1.15E-01 1.13E-01 1.10E-O1 1.08E-01 1.08E-01 1.04E-01 1.02E-01
1.21E-01 1.18E-01 1.15E-01 1.13E-01 1.11E-01 1.08E-01 1.08E-O1 1.02E-01 1.00E-01 1.21E-01 1.18E-01 1.15E-01 1.13E-01 1.11E-01 1.08E-01 1.06E-01 1.04E-01 1.02E-01 1.00E-01
1.19E-01 1.16E01 1.13E-01 1.11E-01 1.08E-01 1.06E-01 1.04E-01 1.02E-0% 9.83E-02 1.19E-01 1.16E-01 1.13E-01 1.11E-0t 1.08E-01 1.06E-0% 1.04E-01 1.02E-01 1.00E-01 9.83E-02
1.16E-01 1.14E01 1.11E-01 1.00E-O01 1.06E-01 1.04E-01 1.02E-01 1.00E-01 9.83E-02 1.16E-01 1.14E-0% 1.11E-01 1.00E-01 1.08E-01 1.04E-01 1.02E-01 1.00E-01 9.83E-02 8.64E-02
1.40E-01 1.37E-01 1.34E-0t 1.31E-01 1.28E-01 1.26E-01 1.23E-01 1.21E-01 1.19E01 1.16E-01 1.37€-01 1.34E-01 1.31E-01 1.28E-01 1.26E-0t 1.23E-01 1.21E-01 1.19E-0t 1.16E-01
1.37E-01 1.34E-0¢ 1.31E-01 1.28E-01 1.26E-01 1.23E-01 1.20E-O01 1.18E-0t 1.16E-01 1.14E-0t 1.37E-0t 1.31E-01 1.28E-01 1.26E-01 1.23E-01 1.20E-01 1.18E-01 1.16E-01 1.14E-01
1.34E-01 1.31E-01 1.28E-01 1.25€E-01 1.23E-01 1.20E-01 1.18E-01 1.15E-01 1.13E-01 1.11E-01 1.34E-01 1.31E-O1 1.25E-01 1.23E-0' 1.20E-0% 1.18E-01 1.15E-01 1.13E-01 1.11E-01
1.31€-01 1.26E-01 1.25E-01 1.23E-01 1.20E-O01 1.18E-01 1.15E-01 1.13E-01 1.11E-01 1.09E-01 1.31E-O1 1.28E-01 1.25E-01 1.20E-01 1.18E-01 1.15E-01 1.13E-01 1.11E-01 1.00E-01
1.28E-01 1.26E-01 1.23E-01 1.20E-01 1.18E-01 1.15E-01 1.13E-01 {.11E-01 1.08E-01 1.06E-01 1.28E-01 1.26E-01 1.23E-01 1.20E-O1 1.15E-01 1.13E-01 1.11E-01 1.08E-01 1.06E-01
1.26E-01 1.23E-01 1.20E-O1 1.18E-01 1.15E-01 1.13E-01 1.10E-01 1.08E-01 1.06E-01 1.04E-01 1.26E-01 1.23E-01 1.20E-0f 1.18E-01 1,15E-0t 1.10E-01 1.08E-01 1.08E-01 1.04E-01
1.23E-01 1.20E-01 1.18E-01 1.15E-01 1.13E-01 1.10E-01 1.08E-01 1.06E-01 1.04E-01 1.02E-01 1.23E-01 1.20E-01 1.1BE-O1 1.15E-01 1.13E-01 1.10E-01 1.08E-01 1.04E-01 1.02E-01
1.21E-01 1.18E-01 1.15E-01 1.13E-01 1.11E-01 1.08E-01 1.06E-01 1.04E-01 1.02E-01 1.00E-01 1.21E-01 1.18E-01 1.1SE-01 1.13E-01 1.11E-O% 1.08E-01 1.08E-01 1.02E-01 1.00E-01
1.19E-01 1.16E-01 1.13E-01 1.11E-O1 1.08E-01 1.06E-01 1.04E-01 1.02E-01 1.00E-01 ©9.83E-02 1.19E-01 1.16E-01 1.13E-01 1.11E-01 1.08E-O1 1.08E-01 1.04E-01 1.02€-01 9.83E-02
1.16E-01 1.14E-01 1.11E-01 1.00E-01 1.06E-01 1.04E-01 1.02E-01 1.00E-O1 0.83E-02 0.64E-02 1.16E-01 1.14E-01 1.11E-01 1.09E-01 1 .0O8E-01 1.04E-01 1.02E-01 1.00E-01 9.83E-02
2.41E400 2.36E+400 2.31E+00 2.26E+00 2.22E+00 2.17E+00 2.13E+00 2.00E+00 2.06E+00 2.02E+00 2.41E4+00 2.38E+00 2.31E4+00 2.26E+00 2.22E+00 2.17E4+00 2.13E+00 2.08E+00 2.08E +00 2.02E+00
dldDPI'dldOP[‘SDPI'SDP]
256E-03 1.79E-03 1.04E-03 3.01E-04 -4.2E-04 -1.1E-03 -1.8E-03 -2.5E-03 -3.2E-03 3.35E-03 2.56E-03 1.79E-03 1.04E-03 3.01E-04 -4.2E-04 -1.13E-03 -1.82£-03 -2.50E-03 -3.17E-03
2.56E-03 1.376-03 7.04E-04 2.30E-04 -3.2E-04 -86E04 -1.4E-03 -1.9E-03 -24E-03 256E-03 1.896E-03 1.37E-03 7.84E-04 230E-04 -3.2E-04 -8.63E-04 -1.38E-03 -1.91E-03 -2.42E-03
1.79E-03 1.37E-03 5556-04 1.61E-04 -23E04 -6.0E-04 -9.7E-04 -1.3E-03 -1.7E-03 1.78E-03 1.37E-03 0.58E-04 5.55E-04 1.61E-04 -2.3E-04 -8.03E-04 -9.74E-04 -1.34E-03 -1.60E-00
1.04E-03 794E-04 S555E-04 9.32E-05 -1.3E-04 -3.5E-04 -56E-04 -78BE-04 -08E-04 1.04E-03 7.94E-04 555E-04 3.22E-04 9.32E-05 -1.3E-04 -3.50E-04 -5.64E-04 -7.75E-04 -9.82E-04
3.01E-04 2.30E-04 1.61E-04 0.32E-05 -3.8E05 -1.0E-04 -1.6E-04 -22E-04 -28E-04 3.01E-04 2.30E-04 161E-04 0.32E-05 2.70E-05 -3.8E-05 -1.01E-04 -1.64E-04 -2.25E-04 -2.84E-04
4.21E-04 -3.2E-04 -23E-04 -1.3E-04 -3BE-05 1.42E-04 2.290E-04 3.15E-04 3.08E-04 -4.2E-04 -3.2E-04 -23E-04 -1.3E-04 -3.8E-05 5.30E-05 1.42E-04 2.20E-04 3.15E-04 3.98E-04
-1.13E-03 -B6E04 -6.0E-04 -3.S5E-04 -1.0E-04 1.42E-04 6.14E-04 B8.43E-04 1.07E-03 -1.1E-03 -86E04 -8.0E-04 -3.5E-04 -1.0E-04 1.42E-04 3.80E-04 6.14E-04 8.43E-04 1.07€-03
-1.82E03 -1 .4Epa -9.7E-04 -56E-04 -1.6E-04 2.29E-04 6.14E-04 1.36E-03 1.72E-03 -1.8E-03 -14E-03 -9.7E-04 -S6E-04 -1.6E-04 2.29E-04 6.14E-04 9.01E-04 1.36E-03 1.72E-03
-2.50E-03 -1.8E-03 -1.3E03 -7.8E-04 -2.2E-04 3.15E-04 8.43E-04 1.36E-03 2.37E-03 -25E-03 -1.9E-03 -1.3E-03 -7.8E-04 -22E04 3.15E04 8.43E-04 1.38E-03 1.87E-03 2.37€-03
317603 -2.4E03 -1.7E03 -9.8E-04 -28E-04 3.98E-04 1.07€E-03 1.72E-03 2.37E-03 3.2E-03 -24E-03 -1.7E-03 -9.8E-04 -28BE-04 3.668E-04 1.07E-03 1.72E-03 2.37€-03 3.00E-03
335603 2.56E-03 1.79E-03 1.04E-03 3.01E-04 -4.2E-04 -1.1E-03 -1.8E-03 -25E-03 -3.2E-03 2.56E-03 1.79E-03 1.04E-03 3.01E-04 -4.2E-04 -1.13€-03 -1.82E-03 -2.50€-03 -3.17E-03
2.56E-03 1.96E-03 1.37E-03 7.94E-04 2.30E-04 -3.2E04 -8.6E-04 -1.4E-03 -1.9E-03 -2.4E-03 2.56E-03 1.37E-03 7.94E-04 2.30E-04 -3.2E-04 -8.63E-04 -1.39E-03 -1.81E03 -2.42E-03
1.79E03 1.37E-03 9.58E-04 555E-04 1.61E-04 -23E-04 -60E-04 -9.7E-04 -1.3E-03 -1.7E-03 1.79E-03 1.37E-03 5.55E-04 1.61E-04 -2.3E-04 -8.03E-04 -9.74E-04 -1.34E-03 -1.69E-03
1.04E-03 7.94E-04 5.55E-04 3.22E-04 9.326-05 -1.3E-04 -3.5E-04 -56E-04 -7.8E-04 -9.8E-04 1.04E-03 7.94E-04 5.55E-04 9.32E-05 -1.3E-04 -3.50E-04 -5.84E-04 -7.75€-04 -0.82E-04
301E04 230E04 1.61E-04 9.32E-05 2.70E-05 -3.8E-05 -1.0E-04 -1.6E-04 -2.2E-04 -2BE-04 3.01E-04 230E-04 1.61E-04 8.32E-05 -3.8E£-05 -1.01E-04 -1.64E-04 -2.25E-04 -2.84E-04
-4.21E-04 -3.2E-04 -23E-04 -1.3E-04 -3BE-05 5.30E-05 1.42E-04 2.20E-04 3.15E-04 3.08E-04 -4.2E-04 -3.2E-04 -2.3E-04 -1.3E-04 -38E-05 1.42E-04 2.20E-04 3.15E-04 3.98E-04
-1.13E-03 -8.6E-04 -6.0E-04 -35E-04 -1.0E-04 1.42E-04 3.8B0E-04 6.14E-04 B8.43E-04 1.07E-03 -1.1E-03 -86E-04 -8.0E-04 -35E-04 -1.0E-04 1.42E-04 6.14E-04 8.43E-04 1.07E-03
1.82E-03 -1.4E-03 -9.7E-04 -56E-04 -1.6E-04 2.29E-04 6.14E-04 O.O91E-04 1.36E-03 1.72E-03 -1.8E-03 -1.4E-03 -9.7E-04 -56E-04 -1.6E-04 2.29E-04 6.14E-04 1.36E-03 1.72E-03
2.50E03 -1.9E03 -1.3E-03 -7.8E-04 -22E-04 3.15E-04 B.43E-04 1.36E-03 1.87E-03 2.37E-03 -2.5E-03 -1.9E-03 -1.3E-03 -7.8E-04 -2.2E-04 3.15E-04 8.43E-04 1.38E-03 2.37€-03
317603 -2.4E-03 -1.7E-03 -9.8E-04 -28E-04 3.98E-04 1.07E-03 1.72E-03 2.37E-03 3.00E-03 -3.26-03 -24E-03 -1.7E-03 -9.8E-04 -2.8E-04 3.98E-04 1.07E-03 1.72E-03 2.37E-03
335603 -20E03 -06E-04 -3.2E-04 -2,7E-05 -53E-05 -3.86E-04 -9.9E-04 -19E-03 -3.0E-03 -3.3E-03 -20E-03 -9.6E-04 -3.2E-04 -2.7E-05 -5.3E-05 -3.80E-04 -9.91E-04 -1.87€-03 -3.00E-03

PO wan



d/dMi*d/dM|*SMI*8M|

Table A-5 (Continued)
Cross Product Terms

1B1E05 127E-05 7.35E-08 213E-08 -30E-08 -BOEOB -1.3E05 -18E-05 -226-05 237E05 1.BIEO5 1.27E-05 7.35E-06 2.13E-06  -3.0E-06 -7.99E-08  -1.20E-05 -1.77E05  -2.24E-05
1.81E-05 9.70E-08 S$.62E-068 1.63E-06 -23E-08 -64E-08 -99E-068 -14E-05 -1.7E-05 1.81E-05 1.390E-05 9.70E-06 5.62E-08 1.83E06 -23E-08 -6.11E-08 QB6E-08 -1.35E05 -1.72605
1.27€E-05 ©.70E-06 3.93E08 1.14E-08 -1.6E-08 -4.3E-08 -6.9E-08 -9.5E-06 -1.2E-05 1.27E-05 0.70E-06 6.78E-06 3I.GIE-06 1.14E-068 -1.6E-068 -4.27E-08 -6.90E-08 -D47E-06 -1.20E-05
7.35€08 5.62E-06 3.93E-08 6.60E-07 -9.2E-07 -25E-08 -4.0E-08 -55E-06 -7.0E-06 7.35E-08 S5.62E-06 3.93E-068 2.28E-08 6.60E-07 -9.2E-07 -248E-08 -400E-08 -549E-068 -8.95E-06
2.13E-08 1.63E-06 1.14E-08 6.60E-07 -2.7E-07 -7.2E07 -1.2E-06 -1.6E-06 -2.0E-068 2.13E-08 1.63E-08 1.14E-08 6.60E-07 1.91E07 -2.7E07 -7.17E07 -1.16E-068 -1.S9E-068 -2.01E-08
-298E-08 -23E-068 -1.6E-08 -9.2E07 -2.7e-07 1.00E-06 1.62E-08 2.23E-06 2.82E-06 -3.0E-06 -23E-068 -1.6E-08 -9.2E07 -2.7E-07 3.7SE-07 1.00E-08 1.62€E-08 2.23E-06 2.82E-08
-7.00E08 6.1E08 -43E-08 -2SE-08 -7.2E-07 1.00E-08 4.34E-06 S597E-08 7.56E06 -B.0E-06 -6.1E-06 -4.3E-068 -25E-08 -7.2E-07 1.00E-08 2.690E-00 4.34E-08 $.97E-08 7.56E-08
-1.20E05 -98E-06 -80E-068 -4.0E-08 -1.2E-06 1.62E-08 4.34E-08 9.63E-06 1.22E-05 -1.3E-05 -9.9E-08 -6.0E-08 -4.0E-08 -1.2E-08 1.62E-08 4.34E-00 7.01E-06 9.63E-08 1.22€6-05
-1.77E05 -1.4E-05 -96E08 -55E-08 -1.6E-06 2.23E-06 S5.97E-08 9.63E-06 1.68E-05 -1.8E-05 -1.4E-05 -9.5E-06 -55E-00 -1.6E-06 2.23£-08 5.97E-08 9.63E-06 1.32E-05 1.68E-05
-2.24E05 -1.7E-05 -1.2E-05 -7.0E-08 -20E-06 282E-08 7.56E-06 1.22E-05 1.68E-05 -2.2E05 -1.7E-05 -1.2E-05 -7.0E-08 -2.0E-08 2.82E-08 7.56E-06 1.22E-05 1.68E-05 2.12E-05
2.37€E-05 1.81E-05 1.27E-05 7.35E-06 2.13E-06 -3.0E-06 -8.0E-08 -1.3E05 -1.BE-05 -22E-05 1.81E-05 1.27E-05 7.35E-08 2.13E-08 -3.0E-08 -7.00E-08 -1.20E-05 -1.77E05 -2.24E-05
1.81E-05 1.30E-05 0.70E-08 5.62E-06 1.63E-08 -23E-08 -6.1E-08 -90E-06 -1.4E-05 -1.7E-05 1.81E-0S 9.70E-06 5.62E-06 1.63E-08 -2.3E08 -6.11E-06 -0.86E-08 -1.35E-05 -1.72E-05
1.27€-05 9.70E-08 O6.78E-086 3IOIE-06 1.14E-06 -1.6E06 -4.3E-068 -89E-08 -9SE-06 -1.2E-05 1.27E-05 0.70E-08 3.93E-06 1.14E-068 -1.6E-08 -4.27E-08 -0.00E-08 -0.47E-06  -1.20E-05
T.35E-08 S5.62E-06 3.93E-08 2.28E-08 6.60E-07 -9.2E07 -25E-06 -4.0E-08 -5S5E-08 -7.06E-08 7.35E-08 5.62E-08 3.93E-08 6.60E-07 -9.2E-07 -248E-06 -4.00E-08 -549E-08 -8.95E-068
2.13E-06 1.63E-08 1.14E-08 6.60E-07 1.91E-07 -2.7E-07 -7.2E07 -1.2E-08 -1.6E-08 -2.0E-08 2.13E-08 1.63E-06 1.14E-08 6.60E-07 -27E07  -7.17E07 -1.16E-06 -1.50E-08 -2.01E-08
-2.98E-08 -2.3£-068 -1.6E-08 -9.2E-07 -2.7E-07 J3.75E-07 1.00E-06 1.62E-08 2.23E-06 2.82E-06 -3.0E068 -23E-06 -1.6E-08 -0.2E-07 -2.7E07 1.00E-08 1.62€-08 2.23E-06 2.82E-06
-7.90E-08 -8.1E-068 -4.3E-08 -2.5E-08 -7.2E-07 1.00E-08 2.60E-08 4.34E-06 S597E-08 7.56E-08 -B.O0E-06 -6.1E-08 -4.3E-08 -2.5E-08 -7.2E-07 1.00E-08 4.34E-08 5.97€-08 7.56E-06
-1.20E-05 -9.9E-06 -89E-08 -4.0E-08 -1.2E-06 1.62E-00 4.34E-08 7.01E-06 0.83E-06 1.22E-05 -1.3E-05 -9.9€E-08 -6.9E-08 -4.0E-06 -1.2E-08 1.62E-08 4.34E-08 9.63E-08 1.22E-05
-1.77E05 -1.4E-05 -9.5E-08 -55E-08 -1.6E-06 2.23E-06 S597E-06 9.63E-06 1.32E-05 1.68E-05 -1.8E-05 -1.4E-05 -98.5E-08 -5.5E-08 -1.6E-068 2.23E-08 5.97€-08 9.63€-08 1.68E-05
-2.24E05 -1.7E-05 -1.2E-05 -7.0E-08 -20E-08 282E-068 7.56E-068 1.22E-05 1.68E-05 2.12E-05 -2.2E05 -1.7E-05 -1.2E-05 -7.0E-08 -2.0E-08 2.82E-08 7.56E-06 1.22E-05 1.68E-05
-2.37€E05 -1.4E-05 -88E-08 -23E-06 -19E-07 -3.7€E07 -2.7E-06 -7.0E06 -1.3E-05 -21E05 -24E-05 -1.4E-05 -6.8E-068 -23E-08 -1.9E07 -3.7E07 -2.60E-06 -7.01E-08 -1.32E05 -2.12E-05

d/dPel*d/dPs|*8Pei*8Ps)

1.21E-05 B8.46E-068 4.90E-08 1.42E-06 -20E-08 -53E-08 -8.6E-06 -1.2E-05 -1.5E-05 1.58E-05 1.21E-05 B.46E-06 4.90E-068 1.42E-06 -2.0E-08 -533E-06 -B.60E-06 -1.18E-05 -1.50E-05
1.21E-08 6.47E-06 3.75E-08 1.00E-06 -1.5E-068 -4.1E-08 -6.6E-08 -9.0E-06 -1.1E-05 1.21E-05 9.25E-08 6.47€E-08 3.75E-08 1.086E-08 -1.5€-06 -4.07E-08 -6.58E-06 -9.03E-068 -1.14E-05
8.46E-06 6.47E-06 2.62E-08 7.59E-07 -1.1E-08 -2.86E-08 -4.6E-08 -6.3E-06 -B.0E-06 B46E-06 O.47E-06 4.52E-068 2.62E-08 7.59E-07 -1.1E-08 -2.85E-08 -4.60E-08 -6.32E-08 -8.00E-08
4 90E-08 3.75€E-08 262E-08 4.40E-07 -8.2E07 -1.7€E-08 -2.7E-08 -3.7E-06 -4.6E-068 490E-08 3.7SE-08 262E-08 1.52E-08 4.40E-07 -8.2E-07 -1.65E-08 -2.66E-08 -3.68E-08 -4.84E-08
1.42E-06 1.06€E-06 7.59E-07 4.40E-07 -1.8E-07 -4.8E-07 -7.7E-07 -1.1E-06 -1.3E-06 1.42E-06 1.09E-08 7.50E-07 4.40E-07 1.27E-07 -1.8E-07 -4.78E-07 -7.72E-07 -1.08E-06 -1.34E-08
-1.99E-06 -1.5£-06 -1.1E-08 -6.2E-07 -1.BE-07 6.70E-07 1.08E-06 1.49E-06 1.88E-08 -2.0E-08 -1.5E-08 -1.1E06 -6.2E-07 -1.8E-07 2.50E-07 8.70E-07 1.08E-08 1.49E-08 1.88E-08
-5.33E06 -4.1E-06 -28E-06 -1.7E-06 -4.8E-07 6.70E-07 290E-06 3.98E-08 5.04E-08 -S3E-06 <-4.1E-06 -2.8E-08 -1.7E08 -4.8EO7 6.70E-07 1.79E-08 2.90E-06 3.98E-06 5.04E-08
-8.60E-06 -66E-06 -46E-08 -27E-08 -7.7E-07 1.08E-06 2.90E-06 6.42E-06 B.14E-08 -8.6E-06 -6.86E-08 -4.6E-08 -2.7E-08 -7.7E-07 1.08E-06 2.90E-06 4.68E-06 6.42E-06 8.14E-08
-1.18E-05 -9D.0E-06 -83E-08 -3.7E-08 -1.1E-08 149E-08 3.08E-08 6.42E-06 1.12E05 -1.2E-05 -0.0E-068 -6.3E-08 -3.7E08 -1.1E-06 1.40E-08 3.98E-06 6.42E-06 8.82E-06 1.12E-05
-1.50E-05 -1.1E-05 -8.0E-068 -46E-06 -1.3E-06 1.88E-06 504E-08 B.14E-06 1.12E-05 -1.5E-05 -1.1E-05 -8.0E-06 -4.6E-08 -1.3E-068 1.B8E-068 5.04E-08 8.14E-08 1.12E-05 1.42E-05
1.58E-05 1.21E-05 B46E-06 4.90E-068 1.42E-068 -20E-08 -53E-08 -8.6E-08 -1.2E-05 -1.5E-05 1.21E-05 B8.486E-068 4.90E-08 1.42E-06 -2.0E-08 -533E-068 -860E-06 -1.18E-05 -1.50E-05
1.21E-05 925E-08 647E-06 3.75E-08 1.09E-06 -1.5E-06 -4.1E-08 -6.6E-068 -9.0E-08 -1.1E-05 1.21E-05 6.47E-08 3.7SE-06 1.06E-08 -1.5€-08 4.07E08 -8.58E-06 -9.03E-068 -1.14E-05
8.46E-08 6.47E-06 4.52E-08 262E-06 7.59E-07 -1.1E-08 -28E-06 -4.6E-08 -8.3E-08 -B.0E-08 B8.46E-08 6.47E-08 2.62E-08 7.50E-07 -1.1E-08 -2.85E-08 -4.60E-08 -6.32E-068 -8.00E-06
490E-08 3.75E-068 262E-068 1.52E-068 4.40E-07 -6.2E-07 -1.7E08 -2.7E-08 -3.7E-068 -4.6E-08 4.90E-08 3.75E-08 2.62E-08 4.40E-07 -6.2E-07 -1.65E-08 -2.68E-08 -3.66E-08 -4.64E-08
1.42E-08 1.00E-06 7.59E-07 4.40E-07 1.27E-07 -1.8E-07 -4.8E-07 -7.7E-07 -1.1E-08 -1.3E-06 1.42E-08 1.09E-08 7.59E-07 4.40E-07 -1.86-07 -4.78E07 -7.72E-07 -1.08E-06 -1.34E-08
-1.99E-06 -1.5E-06 -1.1E-08 -6.2E-07 -1.8E-07 250E-07 6.70E-07 1.08E-08 1.49E-08 1.88€-06 -2.0E-06 -1.5E-06 -1.1E-08 -8.2E-07 -1.8E-07 6.70E-07 1.08E-06 1.49E-06 1.88E-06
-5.33E-06 -4.1E-06 -28E-08 -1.7E-06 -4.8E-07 6.70E-07 1.79E-08 2.90E-06 3.98E-068 5.04E-08 -5.3E-08 -4.1E-068 -2.8E-06 -1.7E-08 -4.8E-07 6.70E-07 2.90€-06 3.98E-06 5.04E-06
-8.60E-06 -6.6E-08 -4.6E-08 -2.7E-08 -7.7E-07 1.08E-06 2.90E-08 4.68E-08 6.42E-06 8.14E-06 -8.6E-08 -6.6E-068 -4.6E-068 -2.7E-08 -7.7E-07 1.08E-08 2.90E-06 6.42E-08 8.14E-06
-1.18E-05 -9.0E-08 -6.3E-08 -3.7E-08 -1.1E-068 149E-06 3.08E-06 6.42E-06 B.82E-06 1.12E-05 -1.2E-05 -9.0E-08 -8.3E-08 -3.7E-06 -1.1E-06 1.49E-08 3.98E-06 6.42E-06 1.12E-05
-1.50E05 -1.1E-05 -8.0E-08 -4.6E-068 -1.3E-08 1.88E-06 S5.04E-08 B8.14E-06 1.12E-05 142E-05 -1.5E-05 -1.1E-05 -8.0E-068 -4.6E-06 -1.3E-06 1.88E-08 5.04E-06 8.14E-08 1.12E-05
-1.58E-05 -9.2E-08 -4.5E-06 -1.5E-08 -1.3E07 -2.5E-07 -1.8E-08 -4.7E-08 -8.BE-08 -1.4E05 -1.8E-05 -0.2E-08 -4.5E-06 -1.56-08 -1.3E-07 -25E-07 -1.79E-08 -4.68E-08 -8.82E-08 -1.42E-05



d/dCPI*d/dCPJ*SCPI*SCP)

Table A-5 (Continued)

Cross Product Terms

703603 254E03 1 4JE03 4 26EO04  OOEO4 -1OEO03 26603 -O5E-03 -4SE03 4.75E03 OI6IE-03 254E-03 1.47E03 4.26E04 -60E-04 -1.60E03 -258E-03 -354E03  4.49E-03
3.63E-03 1 94E03 112603 3.26E-04 -46E-04 -1.2603 -20E-03 -2.7E-03 -O4ED3 3.63E-03 2.78E-03 1.84E03 112603 3.26E-04 -46E04 -1.22603 -1.97E03 -27ME03 -34EX
254E-03 1.04E-03 787E-04 220604 -32E04 -8.6E04 -1.4E-03 -1.9E03 -24E-03 254E-03 1.84E-03 1.36E-03 7.87E-04 2.26E-04 -32E-04 -B55E-04 -1.38E:03  -1.00E-03  -2.40E-03
147603 1.126-03 7.87E-04 1.92E04 -1.8E04 -5.06-04 -80E04 -1.1E03 -1.4E-03 147E-03 1.12E-03 7.87E-04 4.56E-04 1.32E04 -1.BE04 -4.96E-04 -800E-D4  -1.10E03  -1.36E-03
426E04 3.26E-04 228E-04 1.32E-04 54E05 -14EO04 -23E04 -B2E-O4 -40E-04 4.20E-04 3.26E-04 2.28E-04 1.32E-04 3.BIE-D5 -S4E-05  -1.44E-04 -232E04  -3.18E-04  4.00E04
.5.07E-04 -4BE04 -3.2604 -1.8E-04 -5.4E0S 201604 3.25E-04 4.46E-04 S6SEO4 -B.OE-04 -4.8E-04 32604 -1.8E04 -54E-05 7.51E05  201E-04 325E-04  4.48E04 565604
1. 60E-03 -1.2E03 -8.6E-04 -5.0E04 -1.4E04 201E04 8.70E-04 1.19E-03 1.51E03 -1.6E03 -1.2E03 -86E-04 -50E04 -1.4E04 201E04  S30E04  B.70E04  1.19E03  1.51E03
.258E-03 -20E-03 -1.4E03 -8.0E-04 -23ED4 3.25E04 B.7OE-04 1.93E-63 244E03 -26E-03 -20E-03 -1.4E03 -8.0E-04 -23E04 3.25E-04  B.706-04 140E03  1.83E-03  2.44E03
354E03 -2.7E-03 -1.9E-03 -1.1E-03 -3.2E04 4.46E-04 1.10E-03 1.93E-0d 335603 -36E03 -27E03 -1.9E03 -1.1E-03 -3.2E-04 4.46E-04  1.19E-03  1.63E03  265E-03  3.35E-03
449E-03 -34E03 -24E03 -1.4E03 -40E04 5.65E-04 1.S1E-03 244E-03 3.35E-03 4.5E03 -34E03 -24E03 -1.4E03 -40E-04 56SE04  151E03  244E-03 335603  4.25E-03
475603 363E-03 254E-03 1.47E03 4.26E04 -8.0E04 -1.6E03 -26E03 -3SE03 -4.5E-03 363E-03 2.54E03 1.47E-03 4.26E-04 -60E-04 -1.60E-03 -2.58E-03 -3.54E-03  -4.49E-03
363603 2.76E-03 194E-03 1.12603 3.26E04 -4.6E04 -1.2603 -20E03 -27E03 -J4E03 IGIEN 1.04E03 112603 3.26E-04 -46E04 -1.22E-03 -1.97E-03 -271E03  -3.43E0S
254603 1.94E-03 1.38E-03 7.87E-04 2.28E-04 -32E-04 -8.6E04 -1.4E03 -1.9E-03 -24E-03 254E-03 1.94E-03 787604 2.28E-04 -3.2E04 -85SE-04 -1.38E-03  -1.90E03  -2.40E-03
147603 1.126-03 T.87E-04 4.S6E-04 1.32E-04 -1.8E-04 -50E-04 -8O0E-04 -1.1E03 -1.4E-03 1.47E-03 1.12E-03 7.87E-04 1.32604 -18E04 -408E-04 -BOOE-04 -1.10E-03  -1.39E-03
426E-04 3.26E-04 2.28E-04 1.32E-04 383E-05 -54E-05 -1.4E-04 -23E-04 -32E-04 -40E-04 4.26E04 3.26E-04 2.28E-04 1.32E-04 54E05  -1.44E-04 232604 -3.18E-04  -4.03E-04
507604 -46E-04 -32604 -1.8E-04 -S.4E05 7.51E-05 201E-04 3.25E-04 4.46E-04 56SE-04 -8OE-04 4.6E04 -3.2E-04 -1.8E-D4 -5.4E-05 201E-04 3.25E-04  4.48E04  5.65E-04
160EQ3 -1.2E-03 -B.BE-04 -50E-04 -1.4E-04 201E-04 539E04 B.J0E-04 1.19E-03 151E00 -1.6E03 -1.2E03 -8.6E-04 -50E-04 -1.4E-04 201E-04 8.70E-04  1.19E-03  151E00
258E-03 -20E-03 -14E-03 -BOE-04 -23E04 3.25E-04 8.70E04 140E-03 1.83E-03 244E-03 -26E-03 -20E03 -14E-03 -8.0E04 -23E04 325604  B.70E-04 1.936:03  2.44E03
354603 -2.7E03 -1.9E-03 -1.1E-03 -3.2E-04 4.46E-04 1.19E03 103E-03 2.65E-03 3.ISE-03 -3SE03 -2.7603 -1.0E-03 -1.1E03 -3.2E-04 4.46E04  1.19E03  1.93E-03 3.356-00
4A49E03 -3AE03 -24E03 -1.4E-03 -4.0E-04 S6SE04 1.S1EG3 244E-03 3.35E-03 4.25E-03 -4SE03 -34E03 -24E03 -1.4E03 40E-04 565E04  1.51E03  244E-03  I.ISE03
475603 28603 -14E03 -46E04 -3.8E-05 -7.5EQ05 -54E04 -1.4E03 -26E-03 -42E03 -47ED3 -28E03 -1.4E03 -46E04 -38E-05 -75E05 -5.39E-04 140603 -265E-03  -4.25E-00

d/dAI*d/dA]*BAISA|

2 BOE 02 ~201E02 11JE02 3038C.03  47EO03  -1.0E02 -20E02 -28E-02 -36E-02 3.77€-02 288E02 201E-02 1.176-02 338E-03 -4.7E-03 -1.27E02 -205E-02 -281E-02  -356E:02
2.68E-02 1 54E-02 B.93E03 259E-03 -36E03 -9.7E03 -16E-02 -22602 -2.7E-02 288E-02 220E-02 1.54E-02 B.93E-03 250E-03 -36E03  -B.70E-03  -1.57E02 215602  -273E-02
201E-02 1.54E-02 6.24E-03 1.81E03 -25E-03 -8.6E-03 -1.1€-02 -1.5E-02 -1.9E02 201E02 1.54E-02 1.08E-02 6.24E-03 1.81E-03 -25E-03 -6.70E-03  -1.10E-02  -1.50E-02  -1.91E02
117602 B803E-03 624E-03 1.05€03 -1.5603 -39E-03 -63E-03 -8.7E-03 -1.1E-02 1.17E-02 B8.93E-03 6.24E-03 3.62E-03 1.05E-03 -1.5E-03 -383E-03 -63SE03 872603  -1.10E02
338603 259E-03 181E-03 1.05E-03 .43E-04 -1.1E03 -1.8E-03 -25E03 -3.26-03 338603 259E-03 1.81E-03 1.0SE-03 3.04E-04 43E04  -1.14E-03 -1.84E03 -253E-03  -3.20E-03
4.74E-03 -36E-03 -25E03 -1.5E-03 -4.3E-04 1.60E-03 2.58E-03 3.54E-03 4.48E03 -4.7E-03 -36E-03 -25E-03 -1.5E-03 -43E-04 S5.96E-04  1.60E-03  258E03  354E-03  4.48E-03
11.27€02 -9.7E-03 -68E-03 -39E03 -1.1E-03 1.60E-03 6.90E03 0.48E-03 1.20E02 -1.3E02 -9.7E03 -66E03 -39E03 -1.1E03 1.60E03  4.28E03  6.90E03  948E-03  1.20E-02
205602 -1.6E02 -1.1E02 -8.3E-03 -1.8E03 258E-03 6.90E-03 1.53E-02 1.94E02 -20E02 -1.6€-02 -1.1E02 -83E03 -1.8E03 258E03  6.80E03  1.11E02  1.53E-02  1.84E-02
.281E02 -22E-02 -1.56-02 -8.7E03 -2.5E-03 3.54E-03 0.48E-03 1.53E-02 266E-02 -2.8E02 -226-02 -1.5602 -8.7E-03 -25E-03 3.54E03  9.48E-03  1.53E02  210E-02  2.66E-02
356602 -27E-02 -1.9E02 -1.1E-02 -3.2E03 4.48E-03 1.20E-02 1.04E-02 2.66E-02 .36E-02 -27E-02 -1.9E02 -1.1E-02 -32E03 44803  1.20602  1.94E02 266E-02  337E02
377602 288E-02 201E-02 1.176-02 3.38E-03 -4.7E-03 -1.3E02 -20E02 -28E-02 -3.6E-02 2.88E02 201E-02 1.17E-02 3.38E-03 -4.7E03  -1.27E02 -2.05€-02 -281E02 -3.56E-02
288E-02 2.20E-02 1.54E-02 B83E-03 259E-03 -36E-03 -9.7E-03 -1.6E02 -226-02 -27E-02 288E-02 1.54€-02 B.9IE03 259E03 -36E03 -B.TOE03  -1.57E02 -215E-02  -273E-02
201E-02 1.54E-02 1.08E-02 6.24E-03 1.B1E-03 -25E-03 -6.8E-03 -1.1E-02 -1.5602 -1.9E02 201E-02 1.54E-02 8.24E-03 1.B1E03 -25E03 -8.79E-03  -1.10E-02  -1.50E02  -1.91E-02
117602 B93E-03 6.24E03 3.62E-03 1.0S€-03 -1.56-03 -39E03 -6.3E03 -8.7E-03 -1.1E-02 1.17E02 B8.93E-03 6.24E-03 1.05603 -1.5E03 -393E03 -6.35E-03 -8.72E-D3  -1.10E02
338600 259E-03 1.81E-03 1.0SE03 3.04E-04 -43E-04 -11E-03 -1.8E03 -25E-03 -3.26-03 338E-03 259E-03 1.81E-03 1.05E-03 -43E04  -1.14E03  -1.84E-03 -253E03  -3.20E03
4.74E03 -36E-03 -25E-03 -1.5E03 -4.3E-04 5.96E-04 1.60E-03 2.58E-03 3.54E-03 4.48E-03 -4.7E03 -3.6E-03 -25E-03 -1.5E03 -4.3E-04 1.80E-03  2.58E-03  354E-03  4.48E-03
127602 -9.7E-03 -68E-03 -39E03 -1.1E-03 1.60E-03 4.26E-03 6.90E-03 9.48E03 1.20602 -1.3E02 -9.7E-03 -6.8E-03 -39E-03 -1.1E-03 1.60E-03 6.90E03  9.48E03  1.20E-02
205602 -1.6E-02 -1.1E-02 -6.3E-03 -1.8E-03 2.58E-03 6.80E-03 1.11E-02 1.53E02 1.94E-02 -20E02 -1.6€-02 -1.1E-02 -8.3E-03 -1.8E-03 2.58E-03  6.90E-03 1.53E-02  1.94E-02
281602 -226-02 -15602 -8.7E-03 -25E-03 3.54E-03 9.48E03 1.53€-02 2.10E-02 2.66E-02 -28E-02 -22E-02 -15E-02 -B7E03 -25E03 3.54E03  9.48E-03  1.53E-02 2.66E-02
356E02 -2.7€-02 -1.9E-02 -1.1E-02 -32E-03 4.48E-03 1.20E-02 1.94E-02 266E-02 337E02 -36E02 -2.7602 -1.9E-02 -1.1E-02 -3.2E03 4.48E-03  1.20E02  1.94E02  266E-02
377602 -2.2602 -1.1E-02 -3.6E-03 -3.0E-04 -60E-04 -43E-03 -1.1E-02 -21E-02 -3.4E02 -3BED2 -2.2602 -1.1€-02 -36E03 -30E04 -6OE-04 -4.28E-03 -1.11E02 -210E-02  -3.37E-02



Table A-6
Bias Error Calculation -- Flue Gas Outiet
Milliken Heat Pipe Air Preheater

Avernge Sigma Sigma
Velue  Absolule Relalive

ct Size
Adh, R 23 0.042 1.07%
g, ft V) 0.042 0.42%
of Points Fo
Adthwiee 2
ngthwise 12
scir Width, it 1.25 0.042 3.3%
ocror Langth, 283 0.042 1.47%
. Sector Area " 2 354 0.12 3.84%
deg F 23 2530 1.00%
deg R 7 25% 0.35%
mp Blas, deg F 100 9.00 deg FLength Increment Spacial Blas
. ln WC 0.43802 0.0002 200%
v, Ib/mol 2N 0.050 0.17%
b Pres, in. Hg 20.50
ctPres, in. WC -11.00
s Pres, in. Hg 29.10 0.040 0.14%
ot Fact, Cp 0.84 0.0100 1.19%
minal Vel, fps 44.13 ACFMs= 225078 SCFM= 150000 IbMhr= 750003
Input Data Derivatives, dTa/dX (dTa/dX*Slgma) ~ 2
Point Al CPI [} Mi Pal T {1) @ dTa/dTi dTa/dAl  dTea/dCPI dTa/dOPi  dTa/dMi  dTa/dPsi d/dTi*sTi d/dA*SAl  d/dCPI"SCPI d/dDPI*SOPI d/dMI"SMI d/dPei*SPel
1 354 0.84 0.4580 2.1 20.10 083.0 2200 1524.4 4.25E-02 -1.8E-01 -B8E01 -8.2£-01 -0.0E-03 -9.8E-03 1.16E-02 4.326-04 4.026-08 3.20€-05 2.31E-07 1.55£-07
2 3.54 0.84 0.4580 271 20.10 6721 2.204 18348 4.19E-02 -85.3E02 -22£-01 -20€-01 -3.1E-03 -3.2£-03 1.13E-02 4.63E-08 4.93€-00 3.49E-08 2.47E-08 1.06E-08
3 3.54 0.84 0.4580 27 2.10 681.2 2208 1545.2 4.14E-02 542602 228£-01 2.10E-01 3.23E-03 23.30E-03 1.10E-02 4.09E-05 8.22€-00 3.68E-06 2061E-08 1.75E-08
4 3.54 0.84 0.4580 .71 2.10 680.3 2233 1555.5 4.08E-02 1.60E01 0.73E-01 O6.17E-01 9.52£-03 9.72£-03 1.07€-02 4.25E-04 4.853E-08 3.20€-05 2.27E07 15207
S 3.54 0.84 0.4580 21N 20.10 683.0 2200 1524.4 4.25E-02 -16E0t -8B8E-01 02601 -9.0E-03 -9B8E-03 1.16E-02 432604 4.026-05 3.20€-05 2.31E07 1.55E-07
[} 3.54 0.84 0.4580 2N 20.10 er2.1 2284 15348 4.19E-02 -5.3E02 -2.26-01 -20€-01 -3.1E-03 -3.2£-03 1.13E-02 4.03E-05 4.05E-08 3.49E-08 247€-08 1.66E-08
7 3.54 0.84 0.4580 2N 20.10 681.2 2.208 1545.2 4.14E-02 S42€602 228E-01 2.10E-01 3I.0E-03 2.30E-03 1.10E-02 4.80€-08 8.22€-08 3.68€-06 201E08 1.75€-08
8 354 YY) 0.4580 271N 2.10 600.3 225 158555 4.08E-02 1.60E-01 6.73E-01 O6.17€-01 ©.52£-03 6.72£-03 1.07€-02 4.25E-04 4.53E-05 3.20E-058 227E07 152607
9 3.54 0.84 0.4580 2N 2.10 883.0 2200 1524.4 4.25E02 -1.6E01 -8.8E-01 -0.26-01 -9.8E-03 -0BE-03 1.16E-02 4.326-04 4.626-08 3.20E-05 231E-07 1.85€-07
10 354 0.84 0.4580 27N 20.10 e72.1 2.204 1534.8 4.19E-02 -5.3E02 -226-01 -20E-0O1 -3.1E03  -3.2603 1.13€-02 4.03E-05 4.95E-08 3.40E-08 2.47E-08 1.66E-08
" 3.54 0.84 0.4580 2N 20.10 681.2 2208 1545.2 4.14E-02 5.42602 228E-01 2.10E-01 3.2E-03 3.30E-03 1.10E-02 4.80E-05 5.22€-08 3.68E-08 261E-08 1.75E-08
12 354 084 0.4580 2071 29.10 000.3 2253 15555 4.08E-02 1.60E-0t 6.73E-01 O0.17E01 9.52£-03 9.726£-03 1.07€-02 4.25E-04 4.53E-05 3.20€-08 2.27E-07 1.52€-07
13 3.54 0.84 0.4580 271 20.10 683.0 2200 15244 4.25E-02 -1.6E01 -0.8E-01 -6.2601 -0.0E-03 -9.8E-03 1.16E-02 4.326-04 4.02£-05 3.20E-05 2.31E07 1.55€-07
14 354 0.84 0.4580 2N 2.10 6r2.1 2,284 15348 4.19E-02 -5.3E02 -2.26-01 -20€E-01 -3.1E03 -3.2£-03 1.13E-02 4.63E-05 4.95E-08 3.49€-008 2.47€-08 1.66£-08
15 3.54 0.4 0.4580 2N 20.10 881.2 2.208 1545.2 4.14E-02 542602 228E-01 2.10E-01 3.23E-03 3.30E-03 1.10E-02 4.89E-05 5.22€-08 3.68E-06 261E-08 1.75€-08
16 3.54 0.84 0.4580 271 2.10 600.3 2.253 1555.5 4.08E-02 1.60E01 O6.73E-01 O6.17E-01 9.526-03 0.726£-03 1.07€-02 4.25E-04 4.53£-05 3.20E-05 2. 2707 152607
\ 1) 3.54 0.84 0.4580 20.71 20.10 863.0 2.200 15244 4.25E-02 -1.6E01 -8.8E-01 -6.2£01 -96E-03 -6.8E-03 1.16E-02 4.326-04 4.02£-05 3.20E-05 2.31E-07 1.55€-07
8 3.54 0.64 0.4580 2.7 2.10 8721 2.204 1534.8  4.19E-02 -5.3E-02 -226-01 -20£-01 -3.1E-03 -3.26-03 1.13E-02 4.03E-05 4.95E-08 3.40E-08 247E-08 1.66E-08
19 3.54 0.84 0.4580 2.7 20.10 681.2 2,208 1545.2 4.14E-02 542602 228E-01 2.10E-01 3.2E-03 3.30E-03 1.10E-02 4.80E-05 $5.22€£-06 3.68E-00 281E-08 1.7SE-08
20 3.54 0.84 0.4580 2.71 2.1 6903 2253 15555 4.08E-02 1.60E-01 O0.73E-01 G6.17E-01 9.52£-03 0.72£-03 1.07€-02 4.25E-04 4.53E-08 3.20E-05 2.27€-07 1.526-07
21 3.54 0.04 0.4580 271 2.10 663.0 2.209 1524.4 4.25E-02 -1.6E-01 -6.8E-01 -6.2€-01 -9.6E-03  -9.8E-03 1.16E-02 4.326-04 4.02€-05 3.26€-05 2.31E07 1.85€-07
22 354 0.84 0.4580 2.1 20.10 6721 2284 18348 4.10E-02 -S3E02 -2.2601 -20E-01 -3.1E-03 -3.26-03 1.13€-02 4.63E-05 4.95€-08 3.49€-00 2.47E-08 1.66E-08
<) 3.54 0.84 0.4580 2.71 2.10 081.2 2.208 1545.2 4.14E-02 542602 2.28E-01 2.10E-01 3.23E-03 3.30E-03 1.10E-02 4.80E-05 $.226-08 3.68€-00 261E-08 1.75€-08
24 3.54 0.84 0.4580 2.7 20.10 600.3 2253 15555 4.08E-02 1.00E-01 O.73E-01 O.17E-01 9.526-03 9.72£-03 1.07€-02 4.25E-04 4.33E-05 3.20E-05 2.271E-07 1.52€-07
Temp ~ Simple Averag suM1 sum2 T A cp oP M Ps
Yemg -~ Welghted A g 84.0628 36050.4 Contributions (3) 6.40E400 -0.76E-19 <2.24E-19 1.52€-19 357E-2 -3.18E-22
)} AI*CPI(OPI*MI*Psl/T)~ 0.5 Total Sigma~ 2 0.40
) AI*CP{(DPI*MI*Psi*T})~ 0.5 Tavg Sigma 253 "ﬂ F

) Canuibutions Include Cross Product Terms



1.14E-02
1.136-02
1L.1IE02
1.16€-02
1.14€-02
1.13E-02
1.11€-02
1.16E-02
1.14E-02
113602
1.11E-02
1.16€-02
1.14E-02
1.13£-02
1.11€-02
1.16€-02
1.14£-02
1.13E-02
1.11E-02
1.166-02
1.14E-02
‘1.13€-02
1L.11E-02

261E-01

d/dDPI*d/dDP|

1.07E-05
-1.10E-05
-3 23605
3 :E-09
1.07E-05
-1.10E-05
-3 23€-05
3.26E-05
1.076-08
-1.10E-05
-3.23E-05
3 2E05
1.07€-05
-1.10E-05
-3 23E-05
3 20E-0%
1.07€-05
-1.10E-05
-3 23E-05
3.26€-05
1.07€-05
-1.10E-05
-3. 23805

-3.26E-05

-02

1.11E-02
1.10€-02
1.14€-02
1.13€-02
1.11E-02
1.10€-02
1.14€-02
1.13E-02
1.11€-02
1.10€-02
1.14€-02
1.13€-02
1.11E-02
1.10€-02
1.14E-02
1.13E-02
1.11E-02
1.10E-02
1.14E-02
1.13E-02
1.11E-02
1.10E-02

257E-0%

1
1.11€-02

1.08€-02
1.13£-02
1.11E-02
1.10€-02
1.08€-02
1.13€-02
1.11E-02
1.10E-02
1.08£-02
1.136-02
1.11E-02
1.10€-02
1.08E-02
1.13€-02
1.11E-02
1.10E-02
1.08€-02
1.13E-02
1.11€-02
1.10E-02
1.08€-02

2.54E-01

KL
1.10€-02
1.08€-02

1.1E02
1.10E-02
1.08E-02
1.07€-02
1.11E-02
1.10E-02
1.08£-02
1.07€-02
1.11E-02
1.10E-02
1.08E-02
1.07€-02
1.11E-02
1.10€-02
1.08E-02
1.07E-02
1.11E-02
1.10€-02
1.08E-02
1.07€-02

251E-01

3.20E-05
-3.2€-09
-1.1E-05
1.00E-05
3,206-05

-3.2€-05

1.14E-02
1.13E-02
1.11€-02

1.14E-02
1.13E-02
1.11E-02
1.16€-02
1.14€-02
1.13E-02
1.11E-02
1.16E-02
1.14E-02
1.13E-02
1.11E02
1.16E-02
1.14E-02
1.13E-02
1.11E-02
1.16E-02
1.14E-02
1.13E-02
1.11E-02

261€-01

1.07E-05
-1.1E-05
-3.26-05
3.20E-05
1.07E-05
-1.1E-08
-3.26-05
3.26£-05
1.07€-05
-1.1E-05
-3.26-05
3.20€-05
1.07€-05
-1.1E-05
-3.2€-05
3.26€-05
1.07E-05
-1.1E-05
-3.26-08

-3.3E-05

1.13€-02
1.11E-02
1.10E-02
1.14E-02

1.11E-02
1.10€-02
1.14€-02
1.13€-02
1.11E-02
1.10E-02
1.14E-02
1.13€-02
1.11E-02
1.10€-02
1.14E-02
1.13E-02
1.11€-02
1.10E-02
1.14E-02
1.13E-02
1.11E€-02
1.10E-02

2.67E-01

A3k
1.11E-02
1.10E-02
1.08E-02
1.43E-02
1.11E-02

1.08E-02
1.13E-02
1.11E-02
1.10E-02
1.08E-02
1.13€-02
1.11E-02
1.10E-02
1.08E-02
1.136-02
1.11E-02
1.10E-02
1.08€-02
1.13€-02
1.11E-02
1.10E-02
1.08£-02

2.54E-01

A1
1.10€-02
1.08€-02
1.07E-02
1.11E-02
1.10E-02
1.08€-02

1.11E-02
1.10€-02
1.08€-02
1.07€-02
1.11E02
1.10E-02
1.08£-02
1.07E-02
1.11E-02
1.10E-02
1.08E-02
1.07E-02
1.11E-02
1.10E-02
1.08E-02
1.07€02

281E-01

A

1.14E-02
1.13E-02
1.11E-02
1.16E-02
1.14E-02
1.13E-02
1.11E-02

1.14E-02
1.13€-02
1.11E-02
1.16E6-02
1.14E-02
1.13€-02
1.11E-02
1.16E-02
1.14E-02
1.13€-02
1.11E-02
1.16€-02
1.14E-02
1.13E-02
1.11E-02

261E-01

1.07€-05
-1.1E-05
-3.26£-05

-3.3E-05

Table A-6 (Continued)

Cross Product Terms

1.1
1.11E-02
1.10E-02
1.08E-02
1.13E-02
1.11E-02
1.10€-02
1.08E-02
1.13E-02
1.11€-02

A

1.10E-02
1.08E-02
1.07€-02
1.11E-02
1.10€-02
1.08E-02
1.07€-02
1.1E-02
1.10E-02
1.08E-02

1.
1.14E-02
1.13E-02
1.11E02
1.16€-02
1.14E-02
1.13E-02
1.11E02
1.16E-02
1.14E-02
1.13E-02
1.11E-02
1.11E-02
1.10E-02
1.00E-02
1.07€-02
1.11E-02
1.10E-02
1.08E-02
1.07E-02
1.11E-02
1.10E-02
1.08E-02
1.07€-02

14E02 11
1.1302 1.11E-02
1.11E02 1.10E-02
1.10E-02 1.08E-02
1.14E-02 1.13E-02
1.136-02 1.11E-02
1.11E-02 1.10E-02
1.10E-02 1.08E-02
1.14E-02 1.13E-02
1.136-02 1.11E-02
1.11E-02 1.10E-02
1.10E-02 1.08E-02
1.14E-02 1.13E-02
1.14E-02 1.11E-02
113602 1.11E-02
1.11E-02 1.10E-02
1.16E-02 1.14E-02
1.14E-02 1.13E-02
1.13E02 1.11E-02
1.11E-02 1.10E-02
1.16E-02 1.14E-02
1.14E-02 1.13E-02
1.13E-02 1.11E-02
1.11E-02 1.10E-02

1.08E-02
1.13E-02
1.11E-02
1.10€-02
1.08E-02
1.13E-02
1.11E-02
1.10E-02
1.08E-02
1.13E-02
1.11E-02
1.10E-02
1.08E-02

1.08€-02
1.13E-02
1.11E-02
1.10£-02
1.08E-02
1.13E-02
1.11€-02
1.10E-02
1.08E-02
2S51E-01 2.61E-01 2.54E-01

2.54E-0t 287€-01

1.09E-05
-1.1E-05
-3.6E-00
3.68E-06
1.00E-05
-1.1E-05
-3.6E-06
3.08E-06
1.00E-05
-1.1E-05
-3.6E-08
3.68E-08
1.09E-05

-1.1E-05
-3.6E-00

1.00E-05
-1.1E-05
-3.6E-00
3.08E-08
1.00E-056
-1.1€-05
-3.6E-08
3.68E-00
1.00E-05

-1.1E-05
1.00E-05
3.20£-05
-3.2605
-1.1E-05
1.00E-05
3.20E-05

1.07€-05
-1.1E-05
-3.2605
3.26E-05
1.07E-05
-1.1E-05
-3.2€-05
-3.7E-08 -3.2€-05

-3.3E-08 -3.7E-08

(K]
1.10E-02
1.08E-02
1.07E-02
1.11E-02
1.10E-02
1.08E-02
1.07€-02
1.11E-02
1.10E-02
1.08E-02
1.07E-02
1.11E-02
1.10E-02
1.08€-02

1.11E-02
1.10€-02
1.08E£-02
1.07€-02
1.11E-02
1.10E-02
1.08E-02
1.07E-02

251E-01

.16E-02 1.14E-02 T13E-02 V102 1.16E-02 1.14E-02 1.13E-02 1.11E-02
1.14E-02 1.13E-02 1.11E-02 1.10E-02 1.14E-02 1.136-02 1.11E-02 1.10€-02
1.13E-02 1.11E-02 1.10€-02 1.08E-02 1.13E-02 1.11E-02 1.10E-02 1.08E-02
1.11E-02 1.10E-02 1.08£-02 1.07€-02 1.11E-02 1.10E-02 1.08E-02 1.07€-02
1.18E-02 1.14E-02 1.13€-02 1.11€-02 1.16E-02 1.14E-02 1.13E-02 1.11E-02
1.14E-02 1.13E-02 1.11E-02 1.10€-02 1.14E-02 1.13E02 1.11E-02 1.10€-02
1.13E-02 1.11E-02 1.10E-02 1.08E-02 1.13E-02 1.11E-02 1.10E-02 1.08E-02
1.11E-02 1.10€-02 1.08E-02 1.07E-02 1.11E-02 1.10€-02 1.08E-02 1.07E-02
1.16E-02 1.14€-02 1.13E-02 1.11E-02 1.16E-02 1.14E-02 1.13E-02 1.11E-02
1.14E-02 1.13E-02 1.11E-02 1.10E-02 1.14E-02 113602 1.11E-02 1.10E-02
1.13E-02 1.11E-02 1.10€-02 1.08E-02 1.13E-02 1.11E-02 1.10E-02 1.08E-02
1.11E-02 1.10E-02 1.08€-02 1.07E-02 1.11E-02 1.10E-02 1.08E-02 1.07E-02
1.16E-02 1.14E-02 1.13E-02 1.11E-02 1.16E-02 1.14E-02 1.13E-02 1.11E-02
1.14E-02 1.13E-02 1.11E-02 1.10E-02 1.14E-02 1.13E-02 1.11€-02 1.10€-02
1.13E-02 1.11E-02 1.10E-02 1.08E-02 1.13E-02 1.11E-02 1.10E-02 1.08€-02
1.11E-02 1.10E-02 1.08E-02 1.07E02 1.11E-02 1.10E-02 1.08E-02 1.07€-02

1.14E-02 1.13E-02 1.11E-02 1.16E-02 1.14E-02 1.13E-02 1.11E-02
1.14E-02 1.11€-02 1.10E-02 1.14E-02 1.13€02 1.11E-02 1.10E-02
1.13E-02 1.11€-02 1.08E-02 1.13E-02 1.11E02 1.10E-02 1.08€-02
1.11E-02 1.10E-02 1.08E-02 1.11€-02 1.10E-02 1.08€-02 1.07E-02
1.16E-02 1.14E-02 1.13€-02 1.11E-02 1.14E-02 1.13E-02 1.11E-02
1.14E-02 1.13E-02 1.11E-02 1.10E-02 1.14E-02 1.11€-02 1.10€-02
1.13E-02 1.1€-02 1.10E-02 1.08E-02 1.13E-02 1.11€-02 1.08£-02
1.11E-02 1.10E-02 1.08E-02 1.07€-02 1.11E-02 1.10E-02 1.08E-02
2.61E-01 2.57E-01 2.54E-01 2351E-01 261E-01 257E-01 2.54E-01 251E-01

-1.06E-05
1.00E-05
3.20E-05

-3.20E-05

-1.06E-05
1.00E-05

-3.23E-05
-1.06E-05
1.00E-05
3.20E-05

<3.20E-05

1.07E-05
-1.1E-05
3.26-05
3.26E05
1.07€-05
-1.1E05
-3.26-05
3.20E-05
1.07€-05
-1.1E-05
-3.2605

1.07E-05
-1.1E-05
-3.26-05

-3.3E-05



d/dMi*d/dM

7.55E-08
-7.76E-08
-2.28€-07
2.31E-07
7.55E-08
-7.76E-08
-2.20€-07
230E07
7.58E-08
-7.76E-08
-2.29€-07
20E07
7.95€-08
-7.70€-08
-2.20€-07
2231E-07
7.55£-08
-7.76€-08
-2 2E-07
231E-07
7.55€-08
-1.76E-08
-2.20€-07

-2.31€-07

d/dPel*d/dP

$.08E-08
-5.226-08
-1.54E-07
195E-07
5.08E-08
-5.22€-08
-1.54E-07
1.55€-07
5 08E-08
-5.226-08
-1.54€-07
1.55€-07
5 08E-08
-5.22€-08
-1.54E-07
1.55€-07
5.08€-08
-5.226-08
-1.54€-07
1.55€-07
5.086-08
-8. 22608
-1.54E-07

-1.85E-07

-2.5E-08
-7.5€-08
7.55€-08
247E-08
-25E-08
-1.5E-08
7.55E-08
247€-08
-25€-08
-1.5€-08
7.55€-08
247E-08
-2.5€-08
-7.5E-08
7.95E-08
247E-08
-25E-08
7.5€-08
71.55E-08
247€E-08
-25E-08
-7.5€-08

-2.5€-08

-1.7€-08
-5.0€-08
$ 08E-08
1.66E-08
-1.7€-08
-5.0E-08
5 08E-08
1.60E-08
-1.7E-08
-5.0€-08
5.08E-08
1.60E-08
-1.7€-08
-5 OE-08
5.08E-08
1.06€-08
-1.7E-08
-5.0E-08
$.08E-08
1.66E-08
-1.7€-08
-5.0€-08

-1.7€-08

-2.5E-08

7.60E-08
-7.6E-08
-256-08
261E-08
7.60E-08
-7.8£-08
-2.5E-08
281E-08
7.00E-08
-7.8E-08
-2.5E-08
261E-08
7.00E-08
-7.8E-08
-2.5£-08
2061E-08
7.60€-08
-7.8E-08
-2.5€-08
261€E-08
7.60E-08

-2.6E-08

-§
-1.7€-08

5.17€-08
-5.2t-08
-1.7€-08
1.75E-08
S.17E-08
-5.26-08
-1.7£-08
1.75E-08
$.17€-08
-$.26-08
-1.7€-08
1.75€-08
5.17€-08
-5.2¢€-08
-1.7€-08
1.75€-08
S.17€E-08
-5.2€-08
-1.7€-08
1.75€-08
$.17€-08

-1.8E-08

-2
-71.5€-08
7.00E-08

-2.3E-07
-71.56-08
7.60E-08
2.21E07
-2.3£-07
-7.5€-08
7.68E-08
2.21E-07
-2.3€-07
-7.5€-08
7.08E-08
2.27€-07
-2.3E-07
-7.5E-08
7.60E-08
2.27€E-07
-2.3E-07
-71.5E-08
7.60E-08
2.27€-07

-2.3E-07

k-
7.55E-08
-7.8E-08
-2.3E-07

7.55E-08
-1.8E-08
-2.3E07
231E07
7.65E-08
-7.8E-08
-2.3E-07
2.31E-07
7.55E-08
-71.8£-08
-2.38-07
2.31E-07
7.55E-08
-7.8€-08
-23E-07
231E-07
7.55E-08
-7.8E-08
-2.3E-07

-2.3€-07

5.08E-08
-5.26-08
-1.5E-07

5.08E-08
-5.2€-08
-1.3€-07
1.55£-07
5.08E-08
-5.2€-08
-1.5E-07
1.55E-07
$.08€-08
-5.26-08
-1.5€-07
1.85E-07
$.08E-08
-5.26-08
-1.5€-07
1.85E-07
$.08E-08
-5.2£-08
-1.5€-07

-1.6E-07

Table A-6 (Continued)

Cross Product Terms

2.47€E-08
-2.5€-08
-7.5E-08
1.55E-08

-2.5€-08
-7.9E-08
7.95E-08
2.47€-08
-2.5€-08
-7.5E-08
7.55€-08
247€-08
-2.5€-08
-7.9E-08
7.95£-08
247€-08
-2.5E-08
-7.5E-08
7.85E-08
247€-08
-2.5€-08
-1.8E-08

-2.5€-08

1.66E-08
-1.7€-08
-8.0E-08
5.08€-08

-1.7€-08
-5.0E-08
$.08€E-08
1.60E-08
-1.7€-08
-5.0E-08
5.08E-08
1.06E-08
-1.7€-08
-5.0E-08
5.08E-08
1.06E-08
-1.7€-08
-5.0€-08
$.08€-08
1.66E-08
-1.7€-08
-5.0€-08

-1.7E-08

2.61E-08
7.00E-08

-2.6E-08

-1.7E-08
1.75E-08
5.17E-08

-8.2€-08

-1.7€-08

$.17€-08
-5.2€-08
-1.7€-08
1.75€-08
5.17€-08
-5.2€-08
-1.7E-08
1.75E-08
5.17E-08
-5.2€-08
-1.7E-08
1.75E-08
5.17€-08
-5.2€£-08
-1.7E-08
1.75E-08
5.17E-08

-1.8E-08

-71.5€-08
7.69E-08
2.27E-07

-2.3E-07

-7.5E-08
7.60E-08

-2.3E07
-7.8€-08
7.00E-08
2.21€-07
-2.3E-07
-1.5E-08
7.00E-08
2.21E-07
-2.3E-07
-7.8E-08
7.60€-08
2.27€-07
-2.3E07
-7.5€-08
7.60E-08
2.27€-07

-2.3E-07

-1.5€-07
-5.0E-08
5.17€-08
1.52€-07
-1.5€-07
-5.0E-08
5.17E-08
1.52€.07
-1.5€-07
-3.0E-08
$.17E-08
1.52€-07
-1.5E-07
-5.0E-08
5.17E-08
1.52€-07

-1.5€-07

7.55€-08
-7.8E-08
-2.3E-07
231E07
7.55£-08
-7.8E-08
-2.38-07

7.55E-08
-7.86-08
-2.3E-07
231E07
7.55E-08
-1.8E-08
-2.3E-07
231E-07
7.55€-08
-7.8E-08
-2.3E-07
2.31E-07
7.85€-08
-7.8E-08
-2.3E-07

-2.3E-07

1.

6.08E-08
-5.2€-08
-1.8E-07
1.85€-07
5.08€-08
-5.2€£-08
-1.5E-07

5.08E-08
-5.2€-08
-1.5E-07
1.55€-07
5.08E-08
-8.26-08
-1.5€-07
1.55E-07
6.08E-08
+5.2€-08
-1.5€-07
1.55E-07
5.08E-08
-5.26-08
-1.5€-07

-1.6E-07

247€-08
-2.5E-08
-7.5E-08
7.5SE-08
247€E-08
-2.8E-08
-7.5€-08
7.55E-08

-2.5€-08
-71.8E-08
7.65E-08
247E-08
-2.5E-08
-7.5€-08
7.55E-08
247€-08
-2.5E-08
-7.5€-08
7.85€-08
247€-08
~2.8E-08
-7.5E-08

-2.5E-08

1.66E-08
-1.7€-08
-5.0E-08
5.08E-08
1.60E-08
-1.7E-08
-5.0E-08
S.08E-08

-1.7E-08
-5.0E-08
5.08€-08
1.06E-08
-1.7E-08
-$.0E-08
5.08E-08
1.60E-08
-1.7E-08
-5.0E-08
5.08E-08
1.66E-08
-1.7E-08
-5.0E-08

-1.7€-08

-2.5E-08
261E-08
7.60E-08
-1.8E-08

-2.5E-08
2.61E-08
7.00€-08
-7.6E-08
-2.5E-08

7.60€E-08
-7.8€-08
-2.5€-08
261E-08
7.00E-08
-7.8E-08
-2.5E-08
201E-08
7.60E-08
-7.6E-08
-2.5€-08
2.61E-08
7.00E-08

-2.6E-08

-1.7E-08
1.75E-08
§.17€-08
-5.26-08
-1.7€-08
1.75E-08
5.17€-08
-5.26-08
-1.7E-08

8.17E-08
-5.2€-08
-1.7E-08
1.75E-08
S5.17E-08
-5.2€-08
-1.7E-08
1.75E-08
5.17€-08
-5.2€-08
-1.7E-08
1.75€-08
5.17E-08

-1.8E-08

-7.5€-08
7.60€-08
2.27E07

-2.3E-07

-7.8€-08
7.60E-08
2.27E07
~2.3E-07

-7.5E-08
7.00E-08

-23E-07
-7.5E-08
7.60E-08
2.27€07
-2.3E-07
-7.5E-08
7.00E-08
2.21E07
-2.3E-07
-7.59E-08
7.00E-08
2.271€E07

-2.3E-07

-5.06-08
5.17E-08
1.526-07
-1.8€-07
-5.0E-08
5.17€-08
1.526£-07
-1.5€-07
-5.0E-08
5.17E-08

-1.5€-07
-5.0E-08
5.17E-08
1.526-07
-1.5E-07
-8.0E-08
5.17€-08
1.52€-07
-1.5€-07
-5.0E-08
5.17E-08
1.52€-07

«1.5€-07

7.53E-08
-7.8E-08
-2.3€-07
2.31E07
7.55E-08
-7.8E-08
-2.3E07
231E-07
7.58€-08
-7.8€-08
-2.3E-07

7.58E-08
-7.0E-08
-2.3E-07
2.31E-07
7.55E-08
-7.8E-08
-2.3€-07
2.31E-07
7.55E-08
-7.8E-08
-2.3E07

-2.3E-07

5.08E-08

-1.5E-07
1.55E-07
6.08E-08
-5.26-08
-1.56-07
1.55€-07
$.08E-08
-5.26-08
-1.8E-07

-1.6E-07

: T ) - E08  -2BEO07 231807 7SSE08 -7.8E-08 -23E07
247€-08 25608 -7SEO8 7.SSE08  247E08 -254E-08 -7.48E-08 7.5SE08 247E-08 -25E-08 -1.5€-08
25608 201E08 7.00E08 -7.76E08 -254E08 261E-08 7.60E-08 -7.8E-08 -254E-08 281E-08 7.69E-08
7.5E08 7.00E-08 2.27E07 -2.20E07 -7.48E-08 T.06E08 2.27€07 -2.3E-07 -7.48E-08 7.00E-08 227€-07
755608 -7.8E08 -23E07 231E07 755608 -7.76E08 -2.20E-07 2.31E07  T1.55E-08 -7.8€-08 -2.3E-07
247608 28608 -TSE08 7.55E-08 247€-08 -254E08 -T.48E-08 7.55E-08 247E08 -25€-08 -7.5€-08
25608 261E-08 7.09E-08 -7.76E-08 -254E08 261E-08 7.00E-08 -7.8E-08 -254E-08 261E-08 7.09E-08
.7.5E-08 7.00E-08 2.27E-07 -2.20E-07 -7.48E08 T.60E-08 2.27€-07 -23E-07 -7.48E-08 7.806-08 2.27E-07
7.5SE08 -7.8E08 -23E07 231EO7 7.55€-08 -7.76E08 -2.29€E-07 2.31E07  7.55E08 -7.8E-08 -2.3E-07
247608 -25E08 -7.5E-08 7.55E08 247E-08 -254E08 -7.48E08 7.55E-08 247E-08 -25E-08 -7.5E-08
25608 201E-08 7.00E-08 -7.70E08 -254E08 201E08 7.00E-08 -7.0E-08 -2.54E08 261E-08 7.60E-08
7.5E-08 7.00E08 2.27E-07 -2.20E07 -7.48E08 7.00E-08 2.27€-07 -2.3E-07 -7.48E-08 7.60E-08 2Z7EQT
756608 -7.8E08 -23E-07 231E-07 7.55E08 -7.76E-08 -2.20E-07 231E07  7.55E08 -7.8E-08 -23E-07
25608 -7.5E-08 7.55E-08 247E08 -254E-08 -7.48E-08 7.50E-08 247E08 -2.3E-08 -7.5E-08
-2.5£-08 7O0E08 -7.76E08 -254E08 261E-08  7.69E-08 -7.8E-08 -254E-08 261E-08 7.06E-08
-7.5E08 7.60E-08 .2.209E-07 -TABE08 7.00E-08 22TEOT -2.3E-07 -T.48E-08 7.60E-08 2.27E-07
7.55€08 -7.8E-08 -2.3E-07 755608 -7.76E-08 -2.20E-07 231E07 7.55E08 -7.8E-08 -2.3€-07
247E-08 -25E-08 -7.5E08  7.55€-08 .254E-08 -TASE-08 755608 247608 -2SE-08 -7.5€-08
.25E-08 201E-08 7.00E08 -7.76E-08 -2.54E-08 700608 -T.8E08 -254E-08 261E-08 7.89E-08
.75E-08 7.00E-08 2.27E-07 -2.20E-07 -T48E08  7.00E-08 23E-07 -7.48E08 T.QE-08 2.27E-07
7.55E-08 -7.8E-08 -2.3E07 231E07  7.55E08 -1.J6E08 -2.20€-07 755608 -7.0E-08 -23E-07
247E-08 -256€-08 -7TBE08 7.55E-08 247608 -254E-08 -7.48E-08 7.55E-08 25608 -7.5E-08
.25E-08 261E08 7.00E-08 -7.76E08 -2.54E-08 261E-08  7.00E-08 -7.8E-08 -2.54E-08 7.00€-08
7.5E-08 7.00E-08 2.27E-07 -2.20E-07 -7.48E08 T.00E-08 2.27E-07 -2.3E-07 -7.48E-08 7.68E-08
2SE-08 -20E-08 -23E-07 -231E07 -247E08 -261E-08 -2.27E-07 -23E-07 -247E08 -26E-08 -2.3E-07
008 S L8 TSLOT T SSE0T  SO00L08 S 08 -134EDT 155E07  SO0EO08 SX 08 13EGT
1.60E-08 -1.7E08 -SOE-08 SOSE08 166E08 -1.71E08 -SO03E08 SOSE08 166E08 -1.7E-08 -5.0€-08
-1.JE08 1.7SE-08 S.17€-08 -5.22€08 -1.71E08 17508 S.17E08 -5.2E08 -1.71E-08 1.75E-08 5.17E-08
.SOE-08 S17E08 132607 -1.54E07 -503608 6.17€08 152607 -1.5E07 -503E08 5.17E-08 1.52607
508608 -526-08 -1.5E07 155607 S5O08E08 522608 -1.34E07 185607 S.08E08 52608 -1.SE-07
1.00E08 -1.7E-08 -50E-08 S508E08 160E08 -1.71E-08 -5.03E-08 B.OSEO8  1.66E-08 -1.7E-08 -5.06-08
_1.JE-08 1.75€-08 5.17€-08 -5.22€-08 -1.71E08 1.7SE-08 S.17E-08 -5.2£-08 -1.71€E-08 1.75E-08 5.17E-08
.SO0E08 S.17E-08 152607 -1.54E07 -503E08 S.17E08 152607 -1.5E07 -5.03E-08 5.17€-08 1.52£-07
S.08E08 -526-08 -1.5E07 155607 SO8E08 522608 -1.54E-07 1.55€-07 S5.08€-08 -5.26-08 -15E-07
1.06E-08 -17E08 -SOE-08 S5.08E08 1.60E-08 -1.71E-08 -5.03E-08 SO3E-08 160E-08 -1.7E-08 -50€E-08
.1.7E-08 1.75E08 S5.17E-08 -5.22£-08 -1.71€E08 175608 S.17E08 52608 -1.71E08 1.75E-08 5.17E-08
.5.0E08 5.17E08 152607 -1.54E07 -S03E08 S5.17E-08 1.52607 -1.SEO7 -5.03E-08 5.17E-08 1.526-07
SO00E08 -526-08 -1.5E07 1.55E-07 SO0SE08 -5.22€-08 -1.54E-07 15SE-O7 SO08E-08 -5.26-08 -1.5E-07
A.7E08 -SOE-08 SO8E-08 1066608 -1.71E-08 -503E08 SOSE-08 160E-08 -1.7E-08 -5.0€-08
-1.7E-08 SA7E08 52208 -1.71E08 175608 S5.17E08 -5.2608 -1.71E-08 1.75E-08 5.17€-08
5.0E-08 5.17E-08 1S4E07 -503E08 S5.17E08 152607 -1.5E-07 -503E-08 S.17E-08 1.52£-07
508608 -5.2€-08 -1.5E-07 S08E-08 -5.226-08 -1.54E-07 1.55E-07 SOSE08 -5.2608 -1.5€-07
1.606:08 -1.76-08 -SOE-08  5.08E-08 -1.71E08 -503E-08 SOSE-08 168E-08 -1.7E-08 -5.0€-08
1.JE08 1.75E-08 S.17E08 -5.22608 -1.71E-08 517608 -5.26-08 -1.71E-08 1.75E-08 5.17€-08
SO0E-08 S5.17E-08 152607 -1.54E07 -SO03E08  5.17€-08 1507 -503E-08 5.17E-08 15207
SO08E-08 -5.26-08 -1.5E-07 1.5SE-O07 SOSE08 -5.226-08 -1.54E-07 508608 -5.26-08 -15€-07
160608 -1.7E-08 -50E08 S508E08 166E08 -1.71E-08 -5.03E-08 5.08E-08 -1.7E08 -5.0E-08
.7EO8 175608 S.17E-08 -5.226-08 -1.71E08  1.75E-08  S5.17E-08 -5.2608 -1.71E-08 5.17€-08
5.0E-08 5.17E-08 1.52E-07 -1.54E07 -503E08 S.17E08 152607 -1.5€07 -5.03E-08 $.17E-08
-1.7E-08 -1.8E-08 -1.5E-07 -1.55E-07 -1.66E08 -1.75€-08 -152€07 -1.8€07 -1.60E-08 -1.8E-08 -1.5E07



Table A-6 (Continued)
Cross Product Terms

IdCP‘d/dCF"SCPI'SCP!
151k -1.6E-05

: X038 1. . L X ; =K y - X X e R ISR B ASE® 46X 151E05 1608 46EeS
1.51E-05 S1E08 -1.5E-05 1.51E05 405608 -51E08 -1.5E-05 1.51E-05 4.95E-06 -5.1E-08 1SE0S 1.51E-05 4.9SE06 -5.1E-08 -1.5E-05 1.51E-05 495E06 -508E-08 -150E-05 1.51E-05 495€-00 -5.1€-08 -1.5E-05
S1.55E06 -5.1E-08 1.54E05 -1.0E05 -5.1E-00 522600 1.54E-05 -1.6E05 -S.1E-00 5.22600 1.54E-05 1.6E-05 -5.1E08 5.22608 1S54E05 -155E-05 -5.08E-08 5.22£-08 1.54E-05 -1.6E-05 -508E-08 522608 154E05
4 58E05 -1.56-05 1.54E-08 40E0S -1.35€05 1.54E06 4S53E-05 -4.0E08 -1.5E-05 1.54E-05 4.33E05 -4.0E-05 15605 1.54E-05 4.33E05 4.58E05 -1.30E-05 1.54E-05 4.53E-05 46E-05 -1.50E0S 154E-05 4.53E-05
462605 1.51E-05 -1.0E-05 -46E0S 151E-05 -1.0E-05 -4.6E-03 4.626-05 1S51E-05 -1.6E-05 -4.0E05 4.62£-05 1.51E03 -1.6E05 -4.6E-05 4.02605 151E-06 -1.55E-05 -4.50E-05 4.02€-03 151E06 -1.6E05 -48E-0S
151605 495608 -S5.1E08 -1.5E-05 1.31E-05 51608 -1.5E-06 1.51E-06 4.95E00 -S.1E06 -1SE-05 1.51E-05 4.95E-00 -5.1E08 -1.5€-05 1.51E-05 495608 -500E-08 -1.50E-05 1.31E-08 405E-00 -5.1E-08 -1.5E-05
L18S5€05 -S.1E-08 5.22€-00 154E-05 -16E05 -6.1E-00 1S4E06 -1.6E05 -5.1E-06 8522600 1.54E-03 -1.6E-05 -8.1€-00 5.22£-08 1.34E-05 -1.556-05 -6.08E-08 S.22€-08 1.54E-05 -1.6E05 -5.08£-06 5.226-08 1.54E-05
4S8EDS -1.5E05 1.54E-05 4.53E-080 46EO0S -1.36-05 1.54E-08 46E06 -1.36-05 164E-08 4.53E05 -4.6E-08 -1.5E-05 1.54E05 4.53E-08 4.58E-08  -1.50E-05 1.54E-06 4.33E-05 -46E-06 -1.50E-06 134E-05 4.53E0S
482605 1SIEDS -1.6E-05 -4O6E06 46205 1S1E08 -1.6E-05 -4.6E-05 151E-08 -1.0E05 -4.0E-05 482608 151E05 -1.6E05 -4.6E05 4.026-08 151E05 -1.55E-05 -4.58E-05 4.062£-05 1.51E05 -1.8E-05 -406E-0S
1.51E05 495608 -5.1E08 -18E06 151E05 405E-08 -5.1E-08 -1.5€-03 1.51E-05 51608 -1.5E05 1.51E-05 4.95E-08 -5.1E08 -1.5E-05 1.51E-05 495E-068 -5.08E-00 -1.50€-05 1.51E-05 405600 -S1E08 -15E-05
155605 -5.1E-08 522608 1.54E08 -1.0E06 -5.1E-08 5.22£-00 1.54E-08 -1.0E-05 -6.1E-08 1.54E-03 -1.6E-05 -S.1E-08 $5.22600 1.S4E-05 -1.55E-05 -5.08E-06 5.22€-08 1.54E-08 -10E-08 -508E-08 5.22£-06 1.54E-08
458605 -19E-05 1.54E08 4.53E08 -4.0E-05 -15E-05 154E-05 4.53E-08 -4.0E-08 -1.5E-05 154E-08 4.6E-03 -1.5E-03 1.54E-05 4.53E05 4.S8E-05 -1.50E-05 1.54E-08 4.53E-05 4O6E05 -150E-05 134E-08 43308
46205 1.51E05 -1.6E05 -46E05 4.62€05 151E-05 -16E05 -4.0E-05 4.02£-05 1.51E-05 -1.6E0S -4.6E-05 1.51E-08 -1.6E05 -4.6E-05 4.626-05 1.81E-05 -1.55E-05 -4.30E-05 4.02€-05 1.51E-08 -1.6E05 48E0S
151605 49SE-08 -5.16-06 -1.SE05 1.51E-05 4.95E-06 -S.1E-06 -1.5E-05 1.51E-05 4.956-08 -S.1E-06 -1.5E-05 1.51€-05 -5.1E-06 -1.5E-05 1.51E-05 495E-06 -5.08€-06 -1.50E-05 1.51E-03 4.95€-00 -S1E08 -1.5E-05
L1SSE0S -S.1E-08 522600 154E-05 -1.6E05 -S.1E-08 5.22£-00 1.54E-08 1.0E-05 -5.1E-06 822606 154E-05 -16E05 -5.1E-08 1.54E05 -1.55E-05 -5.08E-08 5.22£-08 1.54E-05 -1.6E-05 S5.08E-08 $5.22£-06 1.54E-05
AS8E05 -1.5E-05 154E-0S 4.53E05 -4.0E05 -1.5E-05 1.54E-05 4.63E-08 4.0E05 -15E05 1.54E-05 4.53E-05 -46E-05 -1.5E-05 15405 4.58E-05  -1.50E-05 1.54€-0% 4.53E-05 -4OE05 -1.50E05 1.S4E-05 4.53E-05
462605 1.51E-05 -1.6E-05 -4.0E05 4.026£-05 131E-05 -1.0E-05 -4.6E-05 402606 1.51E-06 -1.6E05 -4.0E-05 4.62£-06 1351E-05 -1.0E-05 -4.6E0S 1.81E05 -1.55E-05 -4.50E-06 4.02€-08 1.51E08 -18E-05 4.0E0S
1S1E-08 4.9SE-08 -5.1E-08 -1.5605 151E-05 4.95E-08 -5.1E-06 -1.3E-05 1.31E-06 495E-00 -51E08 -1.5E-05 1.81E-05 4.95E-06 -5.1E-08 -1.5E-05 1.51E-08 -5.08E-08 -1.50E-0S 1.51E-05 495608 -S.1E06 -1.5E-08
155605 -5.1E-08 5.22E-08 1S4E-05 -1.6E05 -5.1E-08 5.226-00 1.54E-05 10E0S -S.1E06 522608 1.54E-05 -1.6E-05 .5.1E-00 5.22€-06 1.54E-05 -1.55E-08 -5.08€-08 1.54E-03 -1.6E-05 -5.08E-00 $5.22€-08 1.54E-05
4S8E05 -1.5E-05 1.54E-05 4.53E-05 -4.6E-05 -1.5E-05 1.54E-05 4.53E-08 4BE05 -15E05 1.54E-05 4.53E-05 -46E05 -1.5E-05 154E05 4.SIE03 4.58E-05 -1.50E-05 1.54E-05 4.8E-05 -1.50E-05 1S54E-05 453E-05
«82£05 1S1E0S -1.0E05 -46E05 4.62€05 1.51E-05 -1.6E-05 -4.0E-05 4.02£-08 1.51E-05 -1.6E0S -4.6E-05 4.62E-05 1S51E-05 -1.6E-03 -4.6E05 4.062€-05 151E05 -1.55E-05 -4.58E-05 1.51E-06 -1.6E-05 -4.06E-05
151605 4.95E-08 -5.1E-08 -1.5E05 1.51E-05 4.95E-06 -5.1€-06 -1.5E-00 1.51E-056 4.05E-08 -S.1E-08 -1.5E-05 1.51E-05 4.95E-06 -5.1E-06 -1.5E-05 1.51E-05 4.05E-08 -5.00E-06 -1.50E-05 151E-0S -5.1E-08 -1.5€-05
15SE-05 -5.1€-06 5.226-06 1.54E0S -1.6E-05 -5.1E-00 5.22£-06 154E05 -1.0E-05 5.1E-00 $.226-08 1.54E-05 -1.6E-05 -5.1E-00 5.226-00 1.54E-05 -1.55E05 -5.08E-00 5.22€-08 1.54E-05 -1.6E-05 -5.08E-08 1.54E-05

4SSE-05 -15SE-05 1.54E-05 4.53E-05 -4.6E-05 -15E-08 1.54E-05 4.53E-06 4.6E05 -1.5E05 1.54E-05 4.53E-05 46605 -1.5E05 1.54E05 453605 -4.58E05 -1.50E-05 1.54E-08 4.53E-05 4.6E05 -1.50E-05 1.54E-05

462605 49E06 52606 -4SE05 -4.6E-05 -40E00 -5.2€-08 -4.5E-08 -4.6E-08 49E08 -S2E00 -4SE-05 -46E-05 -49E08 52608 -4SEONS 40205 495E06 -5.22€-08 4.53E05 -46E0S 405608 -5.26-08 -45E-05

3/Ap*d/dAj*SAI*SA|

T4 04 -1.5E04 -4.3E- X BE04  -4.3E- . AX- )2 . WD YRR 3 Y R i Y R W T Y N W . R T 47 G ) &Y R N V. TR W . 7 “T3E04 43E04
142604 OBE0S -14EO8 142604 46IEOS ABEDS -14E-O4 142604 4.63E05 -ABEDS -14E-04 142604 4.63E0S -48E05 -14ED4 14204 40E05  476ELS 1.40E04 142604 463ED5 -4BEDS -1.4E-04
1 4SEO4 -4 BE-OS 1AAE04 15604 4BE05 489E-05 144E04 -1.5EO4 4BEOS 480605 1.44ED4 15608 4LE05 4.80E-05 1.44E04 -14SEO4  470EDS  4.80E0S  1.44E-04 1SE-04  4TOEDS 480E0S 1.44E-04
LA2WEO4 -1 AE-04 1.44E-04 A3E04 1AEO4 144EO4 425E-04 4IEO4 -14E04 144E04 4.25E-04 4IE0A -14E04 144E-04 4.25E04 A WEO4  -T40EO4  1MEO4  4.5ED04 4IE04 S1.40E-04 144E04 4.29E-04
432604 142604 -1.9E04 -4.3E-04 142608 -15E-04 AJEO4 432604 142604 -1SEO4 -AIE04 4304 142£04 -15E04 4IE04 4304 1404 -145ED04 4 WED4 4204 14ED4 13E04 4IEO4
142604 403E05 -4.8E05 -14E-04 142604 4BE-05 -14E-04 142604 40305 40E-0S -14EO4 142604 4.63E05 48ECS -14E04 142604  463EO5S ATOEDS -140E-04 142604  403EDLS 4BELS -14E04
14SEO4 -48E05 4.BOE-05 1.44E-04 -1.5E-04 -4.8E-05 14404 -15E-O4 -4 BE-05 4.L0E0S 144E-04 -15E-04 -4.0E-05 4.80E-05 144E-04 -1.45€04 -470E05  4.L0E0S  1.44ED4 -15E04  470E05 4.80E05 1.44E-04
4.20E04 -14E-04 1.44E-04 4.25E-04 -4.3E04 -1.4E-04 144E-04 43E-04 -14EO4 1.44E-O4 4.25E-04 43E-O4 -14E-04 144E-04 4.25E-04 -4.20E04 -1.40E-04  1.44E-04  4.25E04 -A3E-04 -1.40E-04 1.44E-04 4.25E04
432604 142604 -15E-04 -4IEO4 432604 142604 -1.5E-04 -4.3E-04 142604 -15E04 -43E-04 432604 142604 -1.5E-04 -4.3E04 43204 142604 145604 420ED4 43204 1.42E04 1504 43EO4
142604 403E-0S -4.8E-05 -14E-04 142604 4.63E-05 -4.8E05 -14E-04 1.426-04 ABE0S -14E-04 1426-04 483E0S -4BE05 -1.4E-04 142604  46IEOS -476E05 -1.40E-04 142604  463EL5 4BEDS -1.4E-04
ASEO4 -4 BE-05 ABPE-O5 1.44E-04 -1.56-04 -48E-05 4.80E05 144E-04 -1.5E04 -4.8E-05 144E-O4 -1.5E-04 -4.BE-05 4.89E-05 1.44E-04 -1.45E-04 4T0E-05  4.80E-05  1.44E-04 -1SE04 -4.TOE-05 4.80E05 1.44E-04
A 2EO4 -1AE-O4 1.44E-04 4.25E04 -43E04 -14E-04 1.44E-04 4.25E-04 -4.3E-04 -14E-04 144E-04 4IEO4 -14E-O4 1.44E-04 4.25E-04 -4.20E04 -1.40E04  1.44E-04  4.25E-04 43E-04 -140E04 144E-04 4.25E-04
432604 142604 -15E-04 -43E-04 432604 1426-04 -1.5E:04 -4.3E-04 432604 142604 -15E-04 -43E-04 1.426-04 -15E-04 -43E04 432604 142604 -1.45E04 4.20E-04 432604 142604 -1.5E-04 -43E-04
142604 4.03E05 -4BE0S -14EO4 142604 463E-05 -48E05 -1.4E-04 142604 4.63E-05 -4BEDL5 -14E-04 1.426.04 ABE05 -14E-04 142604 4.63E05 4.76E05 -1.40E-04 142604  403E-05 -48EO5 -1.4E-04
LASEOA 4 BE-05 489E05 144EO4 -15E-04 -4BE-0S 4.80E-05 144E-04 -1.5E04 -4BE-05 4.80E-05 1.44E-04 -15E-04 -4.8E-05 1.44E-04  -1.45E-04 -4.76E-05  4.B0E-05  1.44E04 -1.5E-04 -4.70E-05 4.80E-05 1.44E-04
A 2EO4 -1AEO8 1A4E-O4 4.25E-08 -4IEO4 -14E-O4 1.44E04 4.25E-04 -43E-04 -14E-04 144E04 4.25E-04 -43E-04 -14E-04 1.44E04 4.20E-04  -1.40E-04  1.44E-04  4.25E04 -4.3E-04 -1.40E-04 144E-04 4.25E-04
432604 142604 -15E-04 -43E08 €IZE04 142604 -1.5E-04 -43E-O4 43204 142604 -1.5E04 4IE-04 432604 142€04 15604 -43E04 142604 -1.45E-04 -4.20E-04 432604 142604 -1.5E04 -43E-04
LAZE04 AGIEDS -4 BECS -1AE-O4 142604 4GIECS 4BEOS -1AE-O4 1.42E-04 463E-03 ABE0S 14E-04 14204 4.63E05 4BE05 -14E04  142E-04 470E-05 -1.40E-04 142604 4.03E05 -4BE0S -14E-04
145604 -48E-05 4BUE-05 1A4E-04 -1.5E-04 -4BE-S 480E-05 1.44E04 -15E-04 -4.6E05 4.80E05 1.44E-04 -15E04 4BE-05 4.80E05 1.44E-04  -145E.04 -4.76E-05 1.44E04 -15E-04 -4.76E-0S 4B0E0S 1.44E-04
29608 IAE-08 144E-O4 425604 -43E08 -1AE-O4 144E-04 4.25E-04 4IE-04 -14E04 144E04 4.25E-04 4IE04 -14E04 144EO4 4.BED4 4.20E04 “1.40E-04  1.44E-04 A3E-04  -1.40E-04 1.44E-04 4.25E-04
2604 14Z6.04 -15E-04 -4JED4 432604 142604 -15E-04 43E-04 43204 142604 15604 4IE-04 43204 142604 -1SE04 43E04 432604 142604 -145E-04 4.20E-04 142604 15604 43E04
142604 463605 -ABEDS -1AE-O4 142604 40IECS -4BE-05 -14E-O4 14ZE-04 4.63E05 -40EGS -1.4EO4 142604 4.63E05 ALELS -14EO4 142604 4.60E0S 476E-05 -1.40E-04 1.42E-04 4BE0S -14E-04
145E04 -ABE-05 4BUE-05 144E-O4 -1SE0A -4BE05 4.09E-05 1.44E-04 -1.5E-04 -4.8E05 4.80E05 1.44E-04 -15E04 4BE-05 4.B0E-05 144E-04  -145E04 4J6E-05  4.B9E-05  1.44E-04 -1.5E-04 -4.70E-05 1.44E04

4.20E-04 -1.4E-04 1.44E-04 4.25E-04 -4.3E-04 -1.4E-04 1.44E-04 4.25E-04 4.3E-04 -1.4E-04 1.44E-04 4.25E-04 -4.3E-04 -1.4E-04 1.44E-04 4.25E04 -4.20E-04 -1.40E-04 1.44E-04 4.25E-04 -4.3E-04 -1.40E-04 1.44E-04

432604 -46E-05 -4.0E05 -4.2E-04 -4.3E04 -46E-05 -49E-05 -4.26-04 -4.3E-04 46E-05 -AQEOS -4.26-04 -43E-04 4O6E05 -40E-05 -4.26-04 4.326-04 -4.63E-05 -4.80E-05 4.25E-04 43E04 4.63E-05 49E05 -4.2604



Table A-7
Random Error Calculation -- Primary Air Inlet
Milliken Heat Pipe Air Preheater

Average Sigma Sigma
Value  Abeolute Relative

Duct Size
Width, R 3.28 0.042 1.21%
Length, R 178 0.042 0.24%
# of Points 12
Widthwise 2
Langthwise [
Sector Width, #t 1.64 0.042 254%
Sector Length, ft 202 0.042 1.43%
A, Sector Area 1~ 2 478 0.130 291%
T.deg F [ 0.400 0.50%
T.degR 540 0.400 0.07%
Temg Blas, deg F 10 2.00 deg FALangth Increment Spacial Blas
DP, in WC 0.005060 0.00005 0.00%
M, ib/mol 28.85 0.050 0.17%
Amb Pres, In. Hg 20.50
Duct Pres, in. WC 48.00
Ps, in. Hg Absoluwe na 0.040 0.13%
CP, Piwot Fact 0.84 0.0000 0.00%
Nominal Vel, fps 390 ACFM= 13631 SCFM= 13702 lb/hra 82500
Input Data Derivatives, dTa/dX (dTa/dX*8igma) ~ 2
Paint Al CPI ORI [']} Pel A (] (1) (v.] dTa/dTi dTa/Al dTa/CPi  dTa/dDPi  dTa/dMi  dTa/dPei d/dTi*STI  d/dAI*SAl  d/dCPI*SCP{ d/dDPi*SDPI d/dMi*SMi d/dPei*SPs
1 470 0.84 0.0081 2885 na 533.0 0.371 1988 B8.41E02 -8.7E-02 -8.0E-01 4.1E+01 -7.26-03 -6.7E-03 1.13E-03 1.48€-04 0.00E +00 4.24E-08 1.31E-07 7.21E-08
2 478 0.84 0.0051 2085 na 837.0 0.371 1900 B8.38E-02 -3.2602 -3.0E-01 -25E+01 -4.3E-03 -4.0E-03 1.126-03 6.30E-05 0.00E +00 1.52€£-00 4.60€-08 2.50E-08
3 4.78 0.84 0.0051 28.65 Nnn $30.0 0.370 19904 8.35E-02 -1.7E02 -9.8E-02 -8.1E+00 -14E03 -1.3E-03 1.12£-03 5.78E-08 0.00E +00 1.60£-07 5.11E-00 28200
4 478 0.84 0.0081 20.85 na 3410 0.360 190.7 B.326-02 1.76E-02 1.00E-01 8.30E+00 146E-03 1.35E-03 1.11E-03 6.02€-08 0.00E+00 17207 5.32£-00 293E-00
S 4.78 0.84 0.0051 2885 na 543.0 0.300 200.1 8.20E-02 B5.23E-02 208E-01 247E+401 4.34E-03 4.01E-03 1.10E-03 5.32€-05 0.00E +00 1.52€-00 4.70E-08 2.50€E-08
[} 478 0.84 0.0051 2885 ra 545.0 0.368 2005 B8.20E-02 B8.00E-02 4.95E-01 4.10E+01 7.206-03 6.65€-03 1.00E-03 1.47E-04 0.00E +00 4.20€-008 1.30E-07 7.14E-08
7 4.78 0.34 0.0051 2885 na 535.0 0.37t 1986 08.41€02 -8.7E-02 -S.0E-01 -4.1E+01 -7.2603 -8.7E-03 1.13€-03 1.48E-04 0.00€ +00 4.24E-00 1.31E-07 7.21E-08
8 4.78 0.34 0.0051 28.85 na 537.0 0.37% 1900 B8.38E-02 -S.26-02 -3.0E01 -25E+01 -4.3E-03 4.0E-03 1.12€-03 5.30E-05 0.00E +00 1.52€-08 4.60E-08 258€-08
] 478 0.84 0.0051 28.85 na 539.0 0.370 190.4 8.35E02 -1.7E02 -98E02 -8.1E+00 -14E-03 -1.3E-03 1.126-03 5.78€E-08 0.00E +00 1.86E-07 5.11E-00 282600
10 478 0.04 0.0051 2885 na 541.0 0.360 190.7 832602 1.76E02 1.00E-01 B8.30E+00 1.46E-03 1.35€-03 1.11E-03 8.02£-08 0.00E +00 1.726-07 $.326-00 293E-00
1" 470 0.54 0.0051 2885 ana 543.0 0.360 2001 B8.20E-02 S.23E-02 208E-01 247E+01 4.34E03 4.01E-03 1.10E-03 5.326-05 0.00E +00 1.52£-00 4.70E-08 2.50E-08
12 4.78 084 0.0051 28.85 na 545.0 0.368 20085 B8.20E-02 B.00E-02 4.95E-01 4.10E+401 7.20E-03 0.05E-03 1.00E-03 1.47E-04 0.00E+00 4.20E-08 1.30E-07 7.14E-08
sSUM1 sUM2 T A Cp op ™ Pe
4.434 23046 Contributions 133602  0.20E-04 0.00E +00 2.36E-05 7.30€-07 4.026-07
(1} AI*CPI(DPI*MI*Pei/Ti) ~ 0.5 Tota! Sigma~ 2 0.01

(2 AI*CPI{DPi*MI*Pal*Ti) ~ 0.5 Tavg Sigma 0.12 22 F



Table A-8
Random Error Calculation — Primary Air Outlet
Milliken Heat Pipe Air Preheater

Aversge  Sigma Sigma
Valus  Absoiute Relative

Duct Size
Dia. 4 0.042 1.04%
Length, it
# of Points -]
Dia. #1 10
Dia. #2 10
A, Sector Area 12 .0683 0.013 208%
T.degF 644 3.220 0.50%
T.deg R 1104 3220 0.20%
Temp Bias, deg F 100 11.11 deg F/Length increment Spacial Blas
DP, in WC o.2171 0.0043 2.00%
M, Ib/mol 2085 003 0.00%
Amb Pres, in. Hg 250
Duct Pres, in. WC 44.50
Ps, in. Hg Absolute nn 0.040 0.13%
CP, Pivot Fact 084 0.0000 0.00%
Nominal Vel, fps 37.11  ACFM= 27982 SCFM= 13702 Ib/hr= 62500
Input Dala Derivallves, dTa/dX {dTa/dX*Sigma) ~ 2
Polat Al CPi DPI Mi Pel n ) (] dTe/dTl dTe/dAl dTe/dCPI  dTa/dDPI dTa/dMi dTa/dPet d/dTi*STi d/dAI*SAl  d/dCPI*SCPI d/dOPI*SDPI d/dMi*SMI d/dPsi*SPsi
1 063 0.84 o.2171 28.85 n 1054.0 0.227 239.2 85.24E-02 4.03E+00 -3.026400 -5.84E+00 -4.39E-02 -4.07E-02 2.84E-02 2.79€E-03 0.00€ +00 0.426-04 1.21E-08 2.83E-08
2 083 084 o2 28.65 N 1065.1 0.220 240.4 $.18E-02 -3.11E+400 -2.33E+400 4.50E+00 -3.39E-02 -3.14E-02 2.78€-02 1.00E-03 0.00E +00 3.826-04 7.18E-07 1.50€-06
3 003 004 o217 2083 n 1070.2 0.223 2417 8.13E-02 -2.20E+00 -1.03E+400 -3.18E400 -240E-02 -2.22€-02 2.73E-02 8.30E-04 0.00€ +00 1.91E-04 3.50E-07 1.97€-07
4 063 084 o.2171 20885 31t 1087.3 0.223 2429 §.07€-02 -1.30E+00 -9.72E-01 -1.88€400 -1.41E-02 -131E-02 287E-02 2.80E-04 0.00E +00 6.06E-05 1.23€-07 2.78E-07
S 003 0.84 o.M 20.85 i 1008.4 0.222 244.2 5.026-02 -4.00E-01 -3.04E-01 -5.88E01 -4.426-03 -4.10E-03 202€-02 2.83E-05 0.00E + 00 6.526-08 1.22€£-08 2.72£-08
[} 0.63 0.84 o 28.85 nn 11006 0.221 245.4 4.07€-02 4.T7€-01 3.57€-01 6.01E-01 5.20E-03 4.82£-03 2.56E-02 3.01E-08 0.00E+00 $.00E-08 1.60E-08 3.75E-08
7 063 0.84 o217 28.85 an 1120.7 0.220 2400 4.926-02 1.35E+400 1.01E+00 1.96E+00 1.47€-02 1.37€-02 251E-02 3.13E-04 0.00E+00 7.22£-05 1.36E-07 3.01E-07
8 0.63 0.84 0.217 28.85 3L 11318 0.219 2478 488602 2226400 1.66E+400 23.21E+00 242602 2.24E-02 2.46E-02 B8.44E04 0.00E +00 1.94E-04 3.65€-07 8.10€-07
[ 063 . 084 o217 28.85 3111 11429 0.218 248.1 4.83E-02 3.08E+00 2.30E+00 4.45E+00 3.35€-02 3.11E-02 242602 1.626-03 0.00E +00 3.74E-04 7.02£-07 1.56€-08
10 063 084 o271 28.85 KIRE] 1154.0 0.217 2503 4.76E-02 3.03E+00 204E+00 S5.68E+00 4.28€-02 3.07E-02 2.37€-02 2.64E-03 0.00E+00 6.00E-04 1.14E-08 2.54E-08
" 063 084 o211 2885 3 1054.0 0.227 230.2 $.24E-02 4.03E+00 -3.026400 -5.84E+00 -4.30E-02 -4.07E-02 2.84E-02 2.70E-03 0.00E+00 0.426-04 1.21€-08 2.68E-06
12 0463 0.84 o2 28.8% an 1065.1 0.220 240.4 5.18€-02 -3.11E+00 -233E+400 -4.50E+00 -3.30E-02 -3.14E-02 2.78E-02 1.66£-03 0.00E+00 3.826-04 7.18€-07 1.50E-08
I 083 084 o2 28.85 3t 1076.2 0.225 2417 513602 -2.20E400 -1.65E400 -3.18E+00 -2.40E-02 -2.22£-02 2.73E-02 8.30E-04 0.00£+00 1.01E-04 3.50€E-07 7.97€-07
" [ X %) 0.84 o7 28.85 KRR 1087.3 0223 2429 507602 -1.30E+00 -9.72€-01 -1.88E400 -1.41E02 -1.31E-02 267€E-02 2.80E-04 0.00E +00 6.66E-05 1.25E-07 2.78E-07
15 0083 0.84 o2 28.85 am 1008.4 0.222 244.2 502602 -4.06E-01 -3.04E-01 -588E-01 -4.426-03 -4.10E-03 2.62£-02 2.83E-05 0.00E +00 0.52£-08 1.22€£-08 27208
10 063 0.84 o 28.85 311t 11006 0.221 245.4 4.97€-02 A.T7E-0V 3.57€-01 6.91E-01 5.20E-03 4.82£-03 2.568E-02 3.01E-05 0.00E + 00 9.00E-08 1.00E-08 3.75E-08
12 063 0.84 0.2 28.85 31 1120.7 0.220 2406 492602 1.35E400 1.01E+00 1.96E+00 1.47€E-02 1.37E-02 251E-02 3.13E-04 0.00E +00 7.22£-05 1.36E-07 3.01E-07
18 063 0.84 0.217% 28.85 3 11318 0.219 247.8 4.88E-02 2226400 1.66E+400 3.21E+00 2.42£-02 2.24E-02 2.46E-02 0.44E-04 0.00E+00 1.94E-04 3.65€-07 8.10E-07
19 063 0.84 o217 20.85 aan 11429 0.218 2491 4.83E-02 23.08E+00 2.30E+00 4.45E+00 3.35E-02 3.11E-02 242602 1.62£-03 0.00E+00 3.74E-04 71.02€-07 1.50E-08
2 0.63 0.84 0.2171 28.85 KIN)) 1154.0 0.217 203 4.76E-02 3.03E+00 2.84E+00 S5.68E+00 4.26E-02 3.97E-02 237E-02 2.64E-03 0.00E+00 6.00E-04 1.14E-08 2.54E-08
Temperature — Simple Average 1104.0 Sum1 Sum2 T A cP DP M Ps
Temperature ~ Weighted Average 11038 4.438 4895.0 Contributions (3) 5.19E-01 2.21E-02 0.00E +00 5.00E-03 9.50E-06 21205
(1) AI*CPI(DPI*MI*Psi/TI)~ 0.5 Total Sigma~ 2 0.55
(2) AI*CPI(DPI*MI*Pai*TI)~05 Tavg Sigma 0.74 d:g F

{3) Contiibutions Include Cross Product Terms

AaTAe i



Table A-9

Random Error Calculation -- Secondary Air Inlet
Milliken Heat Pipe Air Preheater

# of Points 4
T, deg F 80 0.400 0.50%
T,degR 540 0.400 0.07%
Input Data Derivatives (dTa/dX*Sigma)~2 (1)
Point Tl dTa/DTI dTa/dTi
1 80.0 0.25 1.00E-02
2 80.0 0.25 1.00E-02
3 80.0 0.25 1.00E-02
4 80.0 0.25 1.00E-02
Totals 4. 00E-02
T
Contributions (2) 4.00E-02
Total Sigma~ 2 0.04
Tavg Sigma 0.20 degF

(1) Ta= (T1 + T2 + T3 + T4)/4

(2) Temperature Is Only Term Contributing -- Simple Average.



Avernge  Sigma Sigme
Value Absolule Relative
xt Size
Wawh, ft ] 0.042 0.40%
angh, . 0.042 0.00%
? of Points 24
Nindthwise [ ]
sngthwies 4
Jector Widwh, ft 1.50 0.042 2.78%
Jecior Langh, ft 1.50 0.042 2.78%
\, Sector Area 1~ 2 25 0.068 3.63%
deg F s10 3080 0.50%
deg R 1076 3.060 0.29%
wnp Bias, deg F 100 3333 deg FLength Increment Spacial Blas
P, in WC 0.97203% 0.00008 0.01%
tb/mol 285 0.050 0.17%
mb Pres, in. Hg 20.50
uct Pres, in. WC 5.00
s. In. Hg Abeolute 270 0.040 0.14%
P, Piwt Fact 0.64 0.0000 0.00%
ominal Vel, fps 79.34 ACFM= 257051 SCFM= 123321 Ib/hr= 582500
input Date
Point A [44] DPI Mi Pl T M
1 22 0.684 0972 2885 20.70 10200 1.703
2 22 0.64 00720 2885 .70 1050.3 1.076
3 22 0.84 09720 28.85 2.70 1002.7 1.650
4 223 084 09720 20.05 2.70 11200 1.620
- 225 0.84 09720 28.85 20.70 10280 1.703
L] 235 0.84 08720 20.85 2.70 1050.3 1.076
7 225 0.84 0072 2685 20.70 10027 1.650
8 235 0.84 0.0720 2065 20.70 11200 1.628
° 2 0.84 08720 20.85 2.70 1020.0 1.703
10 25 0.84 09720 20.85 28.70 1056.3 1.678
" 225 084 0.872 28.85 2070 1002.7 1.65%0
12 2.5 0.84 0972 20.85 2.70 1120.0 1.620
13 2D 0.84 0.8720 26.8% 2.70 1028.0 1.703
" 2D 0.84 00720 28.85 20.70 1050.3 1.070
15 25 0.64 0972 28.65 2.70 1002.7 1.650
10 225 084 09720 2085 20.70 1128.0 1.020
17 22 084 0970 28.85 20.70 1020.0 1.703
18 2.2 084 0.0720 28.85 28.70 1059.3 1.076
1] 25 064 00720 20.85 2.70 1002.7 1.650
20 2.5 0.04 0.8720 26.85 2.70 1126.0 1.028
21 2.5 0.84 06720 26.85 20.70 1020.0 1.703
* 2.5 0.84 08720 26.85 2.70 1050.3 1.676
2 225 0.84 09720 28.85 20.70 1002.7 1.650
24 2.25 0.84 09720 26.65 20.70 11200 1.020
sSUM1
39927

(1) AI*CPI(DPI*MI*Pel/T) ~0.5
(2) AI*CPI(OPI*MI*Pu*TI) "0 5

2
1747.2
1775.4
1803.1
1830.4
1747.2
17754
1603.1
1830.4
1747.2
1754
1803.1
1830.4
1747.2
1775.4
1803.1
1830.4
1747.2
1775.4
1803.1
1830.4
1747.2
1775.4
1803.1
1830.4

sUM2
42836.0

Milliken Heat Pipe Air Preheater

Table A-10
Random Error Calculation -- Secondary Air Outlet

Derivatives, dTa/dX (dTYa/dX*Sigma) ~2
dTa/dTl dTa/dAl  dTa/dCPI  dTe/dOPi  dTa/dMI dTa/dPsl d/dT1*STI  d/dAI*SAI  d/dCPI*SCPI d/dDPI*SDPI  d/dMi*SMI  d/dPsi*SPu
4.37€-02 -9.36E-01 -281E4+00 -1.08E400 -3.05E-02 -3.04E-02 1.01€-02 0.84E-03 0.00€ + 00 2.03E-00 3.33E-08 203E-00
4.23E-02 -200E-01 -B.0VE-01 -3.46E01 -1.17E-02 -1.13€-02 1.70€-02 0.03E-04 0.00€ +00 2.00E-10 3.40E-07 2.07€07
4.10E-02 3.18E-01 B8.52E-01 3.63E-01 1.24E-02 1.20€-02 1.59€-02 7.90E-04 0.00€ +00 3.39E-10 3.84E07 2.34E-07
3.98E-02 0.16E-01 2.45E400 1.06E+00 357602 3.47€-02 1.50E-02 6.50E-03 0.00E +00 2.81E-00 3.19E-06 1.04E-08
437602 -9.30E-01 -2.51E+00 -1.08E+400 -3.056-02 -3.54E-02 1.81E-02 6.84E-03 0.00E +00 2.93E-00 3.33£-08 2.03E-08
423602 -299E-01 -8.01E-01 -3.40E-01 -1.17E-02 -1.13E-02 1.70€-02 0.90E-04 0.00E +00 2.00E-10 3.40E-07 2.07€E-07
4.10E-02 3.18E-01 8.526-01 I.68E01 1.24E-02 1.20E-02 1.59E-02 7.90E-04 0.00€ +00 3.30E-10 3.84E07 2.34E07
3.98E-02 0.16E-01 245€400 1.06E+00 3.57E-02 3.47E-02 1.50E-02 0.58E-03 0.00E +00 2.81E-00 3.19E-00 1.04E-06
4.37E-02 -9.36E-01 -2.51E+00 -1.08E400 -3.656-02 -3.54E-02 1.81E-02 8.64E-03 0.00E+00 293E-00 3.33E-08 2.03E-08
4. 2E02 -299E-01 -8.01E-01 -3.40E-01 “1.17E-02 -1.13E-02 1.70€-02 0.08E-04 0.00€ +00 2.09E-10 3.40E07 2.07€-07
4.10E-02 3.18E-01 852601 3.68E01 1.24E02 1.20E-02 1.50€-02 7.90€-04 0.00E +00 3.30E-10 3.84E-07 2.34€-07
3.08E-02 9.16E-01 243E400 1.006E+00 3.S7E-02 3.47€02 1.50E-02 6.50E-03 0.00E +00 281E-00 3.19E-00 1.84€-08
437E02 -9.30E-01 -2.31E400 -1.08E+400 -3.65E-02 -3.54E-02 1.81€-02 ©6.84E-03 0.00E +00 2.93E-00 3.33E-00 2.03E-00
423602 -200E-01 -8.01E-01 -346E-01 -1.17E-02 -1.136-02 1.70E-02 0.90E-04 0.00E +00 2.99E-10 3.40E07 2.07€-07
4.10E-02 3.18E-01 852601 3.68E-01 1.24E-02 1.20€-02 1.50E-02 7.90E-04 0.00€ +00 3.30€-10 3.84E-07 2.34E-07
398E-02 9.16E01 245E400 1.08E+00 3.57E-02 3.47€-02 1.50E-02 8.56E-03 0.00E +00 2.81E-00 3.19E-00 1.04E-08
4.37E-02 -9.30E-01 -2.31E400 -1.08E+00 -3.05E-02 -3.54E-02 1.81E-02 0.84E-03 0.00E+00 2.93E-00 3.33E-08 2.03€-08
4.23E-02 -299E-01 -8.01E-01 -3.40E01 -1.17E-02 -1.13E02 1.70E-02 6.98E-04 0.00E +00 2.99E-10 3.40E07 207€-07
4.106-02 3.18E-01 852601 3.68E01 1.24E-02 1.20E-02 1.59E-02 7.00E-04 0.00E +00 3.39E-10 3.84€-07 2.4EQ7
3.00E-02 0.16E-01 245€+00 1.06E+00 3.57€-02 3.47E-02 1.50E-02 8.50E-03 0.00E +00 2.81E-00 3.19E-06 1.04E-00
437E-02 -9.36E-01 -2.51E+400 -1.08E+00 -3.65E-02 -3.54E-02 1.81E-02 8.84E-03 0.00E +00 2.83E-00 3.33E-08 2.03E-06
4.22E-02 -2.00E-01 -8.01E-01 -340E-01 -1.17E-02 -1.13E-02 1.70E-02 0.90E-04 0.00E +00 2.90E-10 3.40E-07 207€07
4.10E-02 3.18E-01 B.526-01 3.68E-01 1.24E-02 1.20E-02 1.59E-02 7.90E-04 0.00E +00 3.39E-10 3.84E-07 2MEQ7
308E02 0.16E-01 2.4S5E400 1.00E+00 357E-02 3.47E-02 1.50E-02 6.50£-03 0.00E+00 2.81E-00 3.19€-08 1.94E-08
T A Cp DP L} Ps
Contributions 3.90E-01 8.93E-02 0.00€E +00 3.83E-08 4.35E-05 205E-08
Total Sigme ~ 2 0.49
Tavg Sigma 070 degF
N
¥

(n



Random Error Calculation -- Flue Gas Inlet
Milliken Heat Pipe Air Preheater

Average Sigma Sigma
Velue  Absclste Relslive
w«ct Size
idih, R [X ] 0.042 0.70%
sngth, 145 0.042 0.20%
’ of Polnts o]
Vidthwiss 4
sngthwiss 8
eckr WAdth, &t 1.38 0.042 3.03%
ecior Langth, R 290 0.042 1.44%
\, Becior Area R~ 2 3.00 0.134 3.30%
deg F 630 3.400 0.50%
deg R 1140 3.400 0.30%
wnp Blas, deg F 100 23 deg FlLength Increment Spacial Blas
2, InwC 0.620831 0.00008 0.01%
, ib/mol 2N 0.070 0.24%
nb Pres, In. Hg 2.50
1 Pres, in. WC -1.50
), in. Hg Abaolute 2.2 0.040 0.14%
3, Piwat Fact 0.04 0.0000 0.00%
wminal Vel, fps 7488 ACFM= 358315 SCFM= 150080 b= 750001
inpul Data
Point Al [=2] DPI M Pel k(] (1)
1 300 084 0.8203 27 22 1000 2721
2 I 0.84 0.8283 2N 2.2 1118 2.600
3 300 084 0.8203 27 2.2 M0 2.001
4 3 0.84 0.8283 2N 2.2 1108 2032
5 390 0.84 0.8283 271 2.2 1190 2.604
[} 3.90 0.84 0.0283 2N 2.2 1000 2,72t
7 3 0.84 0.8263 27 2.2 "3 2,600
8 300 084 0.0283 27N 2.2 1140 2.00t
] 3.00 0.84 0.8283 271 22 1163 2.032
10 30 0.04 0.8283 2.1 2.23 1100 2.604
" 360 084 0.8203 - RA 22 1000 2712
12 399 0084 0.0283 27 22 1ms 2600
13 3.60 0.4 0.8283 2.7 2.2 1140 260%
14 3.00 084 0.8283 2N 22 1168 2032
19 3 084 08283 2.71 2.2 1180 2.6004
16 300 0084 0.8283 2.7 2.2 1000 272
77 308 o84 0.8283 2.1 2.2 ms 2.000
18 300 0.84 0.0283 2.7 2.3 1140 2.001
19 30 084 0.6283 201 222 1163 2632
2 390 0.84 0.8283 2.1 223 1180 2.004
sUM1
83.232

1) AI*CPI(DPI*MI*Pi/T}) “ 0.6
3 ACCPHOPI*MI*Pal*TI) ~ 0.5

GEEEBEEEEREREEREREEY

SUM2

Table A-11

Derivalives, dTa/dX

(dTa/dX*Sigma) ~ 2

dTa/dTl

8.23€-02
8.11€-02
8.00E-02
4.89E-02
4.79E-02
8.23E-02
5.11E-02
5.00E02
4.89E-02
4.79€-02
5.23€-02
5.11E-02
6.00€-02
4.09€-02
4.79E-02
5.23E-02
5.11E-02
$.00E-02
4.80E-02
4.79E-02

dTe/aA
-8.34E-01
-3.10E-01
0.88E-03
3.47E-01
6.20E-01
-0.34E-01
-3.10€-01
6.88E-03
3.17E-01
8.20E-01
-8.34E-01
-3.10E-01
0.88E-03
3.17E-01
0.20€-01
-0.34E-01
-3.10E-01
6.88E-03
3.17€-01
6.20E-01

dTa/dCP{  dTa/dOPI
-3.01E+00 -1.83E+00
-1.47E400 -7.48E-01
3.26E-02 1.60E-02
1.50E+00 7.63E-0%
264E4+00 1.49E+00
-3.01E+00 -1.53E+00
-1.47TE+00 -7.46E-01
3.20E02 1.66E-02
1.S0E+00  7.63£-01
294E+00 1.49E+00
-3.01E400 -1.53E+00
-1.47E+00 -7.40E-01
3.206-02 1.66E-02
1.50E+00 7.63E-01
204E+00 1.49E+00
-3.01E+00 -1.53E+00
-1.47E400 -7.46E-01
3.26E02 1.60E-02
1.50E+00 7.63E-01
264E4+00 1.49E+400

dTe/dMi  dTa/dPel
4.25E-02 -4.32€-02
-2.08E-02 -2.11E-02
4.61E-04 4.00E-04
213602  2.10E-02
4.10E-02 4.23E-02
4.25€-02 -4.32€-02
-2.08€-02 -2.11E-02
4.61E-04 4.09E-04
2.13E02 2.10E-02
4.16E02 4.23E-02
-4.25E-02 432202
-2.08E02 -2.11E-02
4.61E-04 4.60E-04
2.13E-02  2.10E-02
4.16E-02 4.23E-02
-4.25€02 -4.32£-02
-2.08E02 -2.11E-02
4.01E04 4.00E-04
2.13E02 2.16E-02
4.16E-02 4.23E02
Contributiona

Q/dTI*STI
3.16€-02
3.026-02
2.80€-02
2.78£-02
2.65E-02
3.16E-02
3.02€-02
2.80E-02
2.76E-02
2.05E-02
3.16E-02
3.02£-02
2.60E-02
2.76€-02
2.65E-02
3.16E-02
3.02£-02
2.89E-02
2.76E-02
2.05E-02
T
8.70E-01

d/dAI*SAl
7.19E-03
1.72€-03
8.40E-07
1.79£-03
8.82E-03
7.19E-03
1.726-03
8.40E-07
1.79E-03
8.83E-03
7.19E-03
1.72£-03
8.48E-07
1.79€.03
0.88E-03
7.19€-03
1.726£-03
8.40E-07
1.79E-03
8.88€-03
A
7.036-02

d/dCPi*SCPI  d/dDPI*SDPI

0.00E +00 8.82€-00
0.00E +00 1.30E-00
0.00E +00 ©6.85E-13
0.00E +00 1.456-00
0.00E +00 $.57E-00
0.00E+00  5.82£-00
0.00E +00 1.39E-00
0.00E +00 8.85E-13
0.00E +00 1.456-00
0.00E +00 $.87E-00
0.00E+00  5.826-00
0.00E +00 1.39E€-00
0.00E +00 0.85E-13
0.00E+00 1.45E-00
0.00E+00 5.57€E-00
0.00E+00 5.82€-00
0.00E +00 1.30E-00
0.00E+00  0.85E-13
0.00€ +00 1.45€-00
0.00E+00 5.57E-00

ce oP

0.00E +00 5.00E-08
Total Sigma~ 2
Tavg Sigme

d/dMi*SMi  d/dPs*SPe
8.87€-00 30208
212608 7.21€07
1.04E-00 3.55€-10
2.21E-08 1.53¢-07
8.49€-00 2.80E-00
8.87E-08 3.02£-08
2.12€-00 7.21E-07
1.04E-00 35510
2.21E-00 7.53€-07
8.49€-00 2.80E-08
8.87€-06 3.02£-08
212600 7.21E-07
1.04E-00 3.85E-10
2.21E-08 7.53E07
8.40E-00 2.80£-00
8.87E-068 3.02-08
21200 1.21E07
1.04E-00 3.55E-10
2.21E-00 7.53E07
8.49€-08 2.80E00

] Ps
8.68E-05 2.05E-06
0.65
0481 degF
>
o
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Table A-12 4
Random Error Calculation -- Flue Gas Outlet
Milliken Heat Pipe Air Preheater

Aversge  Sigma Sigme
Velus  Absolute Reletive

Duct Slze
Widih, it 28 0.042 1.67%
Langth, R ) 0.042 0.12%
# ol Points b
Widthwise 2
Langthwise ”
Secior Width, R 1.3 0.042 3.33%
Sector Length, R 28 0.042 1.47%
A, Sector Aisa ™ 2 354 0128 3.64%
T.deg F p-] 1.208 0.50% '
T.aeghR hAk) 1.203 0.18%
Temp Blas, deg F 100 9.00 deg FlLength Increment Speclal Blas
0P, In WC 0.43802 0.00008 0.01%
M, Ib/mol - R 0.070 0.24%
Amb Pres, in. Hg 20.90
Duct Pres, In. WC -11.00
Ps, In. Hg Absolute 20.10 0.040 0.14%
CP, Piwt Fact 0.84 0.0000 0.00%
Nominal Vel, lps 44.13 ACFM= 225078 SCFM= 150000 b= 750003
Input Datla Derlivatives, dTa/dX (dTa/dX*8lgma) ~ 2
Point Al CPI oPi Mi Pel T (1) [¥s] dYa/dTi dTa/dAl  dTa/dCPl  dTe/dDPI  dTa/dMi dTa/dPsl d/dTI*STt  d/dAI*SA}  d/dCPI*SCPi d/dDPI*SOPI  d/dMi*SMI  d/dPsi*SPu
1 ER-1) 0684 0.4380 -RA 20.10 0030 2200 1524 448602 -0.01E-01 -283E+00 .2326400 -3.88E-02 -3.80E-02 3.21E-03 0.02£-03 0.00E +00 1.33E-08 0. 20E-00 2.16E-08
2 354 0.84 0.4580 - RA 2.10 er2.1 2.204 1535 4.42€02 -4.07E-01 -2.05E+400 -1.88E+00 -2.00E-02 -296E-02 3.126-03 3.95€-03 0.00E +00 8.80E-00 4.13E-00 1.42£-08
3 354 0.64 0.4580 271 .10 0681.2 2.208 1545 4.36E02 -3.74E-01 -1.58E400 -1 45E4+00 -2.20E-02 -2.26£E-02 3.04E-03 2.33E-03 0.00E+00 $.24E-00 2.44E-08 8.37€-07
4 384 0.64 0.4380 271 29.10 000.3 2233 1558  4.30E-02 -2.63E-01 -1.11E+00 -1.02E+00 -1.57€-02 -1.80E-02 2.00E-03 1.15E-03 0.00E +00 2.50€-00 1.21E-08 4.14E-07
) 354 0.84 0.4580 271 2.10 000.4 2230 1500 4.24E02 -1.54E-01 -0.48E-01 -5.94E-01 -0.16E-03 -9.35E-03 2.88E-03 3.83E-04 0.00E +00 8.82€-10 4.11E-07 1.41E07
[} KE1) 0.84 0.4580 271 20.10 708.8 2224 1576  4.19E-02 -4.55€-02 -1926-01 -1.76E-01 -2.71E-03 -277E-03 2.81E-03 3.44E-05 0.00E +00 1.726-11 3.00€-08 1.23€-08
7 384 0.84 0.4580 211 20.10 PATR S 2.210 1586 4.14E02 6.14E-02 2.56E-01 237601 366E03 2JTIENR 2.74€-03 6.27E-05 0.00€ +00 1.41E-10 0.50E-08 2.25E-08
8 354 0.64 0.4580 27N 29.10 7208 2.198 1506 4.00E-02 1.67€-01 7.04E-01 O.45E-01 9.95E-03 1.02£-02 2.67€-03 4.04E-04 0.00€ +00 1.04E-00 4.85E-07 1.60E-07
[ 354 0.84 0.4580 271 20.10 738.7 2183 1608 4.03E02 2.71E-0% 1.14E+400 1.0SE+00 1.02£-02 1.65E-02 2.60E-03 1.22€-03 0.00E+00 27500 1.28E-08 4.39€07
10 354 084 0.4580 2.7 20.10 7448 2100 1616  3.98E-02 3.74E-01 1.58E+00 1456400 2.23E-02 2.28E-02 254E-03 2.33E-03 0.00E+00 5.22E-00 2.43E-08 8.35E-07
1" 354 0.84 0.4580 2071 28.10 7539 2.158 1626  3.94E-02 4.76E-01 201E+00 1.84E400 283E-02 2.80E-02 2.48E-03 3.77€-03 0.00E+00 8.45E-00 3.04E-008 1.35€-00
12 3.54 0.04 0.4580 271 2.10 703.0 2.143 1635 3.69E02 S.70E-01 243E+00 2.23E+00 3.43E-02 3S1E-02 242603 5.53€-03 0.00€+00 1.24E-08 5.78E-00 1.08E-08
13 3.54 0.84 0.4580 2.7 29.10 003.0 2.200 1524 4.48E-02 -8.01E-01 -2.33E+00 -2.32£+00 -3.58E-02 -3.00E-02 3.21€-03 0.02£-03 0.00€ +00 1.35E-08 8.20E-00 2.16E-00
14 354 Q.84 0.4580 271 2.10 e72.1 2.284 1535 4.426-02 -4.87E-01 -2.05E+00 1.88E400 -2.90E-02 -2.06E-02 3.12£-03 3.05E-03 0.00E + 00 8.60E-00 4.13E-08 1.42€-06
13 354 0.04 0.4580 271 2.10 621.2 2208 1545 4.30E02 -3.74E-01 -1.38E400 1.45€E400 -2.23€02 -2.20E-02 3.04€-03 2.33E-03 0.00E +00 5.24E-00 2.44E-06 8.37€07
16 354 0.84 0.4580 27 29.10 0600.3 2233 1855 4.30E-02 -2.03E-01 -1.11E+00 -1.02£+00 -1.87E-02 -1.60E-02 2.00€-03 1.15€-03 0.00E+00 2.50E-00 1.21E-00 4.14E07
7 3.54 084 0.4580 271 20.10 600.4 2220 1500 4.24E02 -1.54E-01 -6.48E-01 -5.04E-01 -0.16E-03 -9.35E-03 2.88E-03 3.93E-04 0.00E +00 8.82€-10 4.11E07 1.41E-07
18 3.54 0.4 0.4580 27N 20.10 708.8 2.224 1576  4.19E02 -4.55€E-02 -1 92601 -1.76E-01 -271€E-03 -2.77E-03 2.81E-03 3.44E-05 0.00E + 00 7.72€-11 3.00E-08 1.22E-08
i 3.54 0.84 0.4580 27 20.10 nrs 2.210 1568 4.14E02 O.14E-02 2.50E-01 237E-01 3.66E-03 3.73E-03 2.74E-03 8.27E-0S 0.00€ +00 1.41E-10 08.56€-08 2.25E-08
20 3.54 0.84 0.4580 271 29.10 720.8 2.190 1506 4.08E-02 1.67€-01 7.04E-01 0.45E-01 9.95€-03 1.02£-02 267€-03 4.04E-04 0.00€ +00 1.04E-00 4.85E-07 1.88E-07
21 3.54 0.84 0.4580 271 20.10 7387 2.183 1608 4.03E02 271E-01 1.14E+00 1.05E+400 1682602 1.65E-02 2.00E-03 1.22€-03 0.00E +00 2.75E-00 1.20E-08 4.30E07
2 3154 0.84 0.4580 271 2.10 7448 2.169 1616 3.98E-02 3.74E-01 1.58E+00 14SE+00 223602 2.28E-02 2.54E-03 2.33£-03 0.00E +00 5.23€-00 243E-00 8.38E-07
a3 354 0.84 0.4580 2.71 2.10 753.9 2.150 1628 3.04E-02 4.76E-01 201E+00 1.84E400 283E-02 2890E-02 2.48€-03 A.T7E03 0.00€ +00 8.45€-00 3.04E-08 1.35E-00
24 354 0.84 0.4580 2.1 2.10 763.0 2143 1635 3.80E-02 S.76E-01 243E+00 2.23E400 3.43E02 38102 2.42£-03 5.53£-03 0.00E +00 1.24£-08 5.78E-08 1.98E-08
SuM1 SUM2 T A cp oP M Pe
53.23% 378314 Contributlons 0.064E02 S5.450E02 0.000E+00 1.22E07 S5.008E-05 1053608
(1) AI*CPI(DPV*MI*Pai/Ti)~ 05 Total Sigma~2 0.12
(2) AI*CPIOPI*MI*Pel*TI) ~ 0.5 Tavg Sigma 0.35 deg F

Leh



Bias Error Calculation -- Primary Air Inlet

Average Sigma Sigma
Value Absolute Relative
wuct Size
Widh, ft 32 0.042 1.21%
Length, i 178 0.042 0.24%
# of Paints 2
Widthwise 2
Lengthwiss )
Secior Widih, ft 164 0.042 2.84%
Secwr Langth, R 292 0.042 1.43%
A, Secror Alea ™2 478 0.139 201%
,deg F & 0.800 1.00%
.degR 540 0.800 0.15%
ipacial Blas, deg F 10 200 deg FLength increment Spacial Blas
P, in WC 0.005060 0.000t 2.00%
4, lo/mol 2283 0.023 0.00%
unb Pres, In. Hg 29 50
Yuct Pres, In. WC 48.00
's, in. Hg Absolute naa 0.040 0.13%
P, Piol Fact 0.84 0.0100 1.19%
Jominal Vel, ips KK ACFM= 13831 SCFMa 13702 ibMes 82500
inpul Data (1)
Point Al CPL (2 DPL Ml Pdl T )
1 4.00 0.84 0.0003 2 30.00 5350 0.111
2 497 0.84 0.0010 2 31.00 537.0 0.172
3 454 0.84 0.001S 20 32.00 530.0 0.183
4 4.31 084 0.0020 24 30.00 5410 0.188
H 520 0.84 0.0025 28 28.00 543.0 0.207
[} 4.78 064 0.0030 30 31.00 545.0 0.289
7 287 0.84 0.0051 32 30.00 $35.0 0.230
8 N X 0.04 0.0083 - 29.00 $37.0 0.320
® 574 084 0.0076 28 26.00 $30.0 0.507
10 508 064 0.0101 2 31.00 541.0 0.652
1" 478 0.84 0.0080 26 20.00 543.0 0.440
12 407 084 0.0041 N 30.00 645.0 0.284
Sumi
3.652
(1) No Attempt Made 10 Make Aversge of Randomized individual

Terma Equal 10 Input Average Values.
(2) Not Varied Since Same Pitat Tube Used For All Measuraments.

(3) AI*CPI{OPI*MI*Psi/T)) ~0.8
(4) AI*CPDPI*MI*Pai*T)~ 08

(5) Convibutions Include Cross Product Teime

Table A-13

(Randomized Input Data Assumed)

Milliken Heat Pipe Air Preheater

[}
50.4
924
00.7

101.6
145.2
157.8
120
178

2733

asazt

2421

154.8
Sum2
1974.0

Derivatives, dTa/dX (dTa/dX*Sigma) ~ 2
dTa/dT) dTe/Al dTa/CPi  dTe/dOPI  dTe/dMi  dTa/dPsl d/dYI*STI d/dAI*SAI  d/dCPI*SCPI d/dDPI*SDPI d/dMi*SMI d/dPei*SPs
3.00E-02 -3.60E-02 -2.01E-01 -1.68E+02 -3.01E-03 -2.81E-03 5.98E-04 281E-05 4.03£-00 2.84E-04 5.60E-00 1.27E-08
4.73E-02 -3.35€-02 -1.9E-01 -8.23E+01 -2.88E-03 -2.00E-03 1.A3E-03 2.19€-05 3.05E-00 8.90E-05 5.17E-00 1.17€-08
807E02 -1.726-02 -9.29E-02 -250E+01 -1.50E-03 -1.22€-03 1.65€-03 5.73E-00 8.62£-07 6.76E-00 1.41E-00 2.40E-00
5.14E-02 S5.409E-03 281E-02 S5.063E+400 4.93E-04 3.04E-04 1.69E-03 $.80E-07 792608 3.40E-07 1.52€-10 251€E-10
7.30E02 342602 2.14E-01 3SSE+01 3.226-03 3.226-03 3.41E-03 2.28E-05 4.60E-06 1.30E-05 6.40E-00 1.67E-08
7.80E02 7.39E-02 4.21E-01 S5.81E+01  5.89E-03 5.70E-03 3.90€-03 1.00E-04 1.77E05 A.47E-05 2.17E-08 5.24E-08
8.33E-02 -1.22601 -4.15E-01 -3.44E+01 -5.45E-03 -5.81E-03 2.56E-03 2.87E-04 1.72€-05 1.22€-05 1.88£-08 5.45E-08
8.80E-02 -8.11E-02 -3.70E-01 -245E+401 -5.35E-03 -5.35E-03 4.95E-03 1.28E-04 1.37E05 6.17E-08 1.70E-08 4.62£-08
1.30E-01 -3.73E-02 -235E-01 -1.41E+01 -3.82€-03 -3.826£-03 1.24E-02 2.70E-05 0.48E-00 2.03E-00 0.126-00 2.35€-08
1.78E-01 1.37€-02 9.77€02 4.05E+00 1.41€-03 1.326-03 2.04E-02 3.60E-00 0.54E-07 1.68E-07 1.25£-00 2.83E-00
1.226-01 6.20E-02 J.88E-01 1.66E+01 578E-03 5. 18E-03 9.50E-03 7.06E-05 1.20E-05 2.95E-08 2.00E-08 4.33€-08
7.75€02 0.83E-02 4.13E-01 4.28E401 5.60E-03 6.78E-03 3.84€-03 1.42€6-04 1.71E-08 1.88E-05 1.90E-08 5.30€-08
T A cp DP ] Ps
Conlributions (3) 6.40E-01 5.08E-05 -1.06E-20 3.48E-04 8.90E-11 1.92€-11
Total Sigma ~ 2 064
Tavg Sigma 0.80 d:g F

A
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d/dTi*d/dTj*STi*STj

Table A-13 (Continued)

Cross Product Terms

9.25E-04
9.92E-04
1.01E-03
1.43E-03
1.54E-03
1.24E-03
1.72E-03
2.72E-03
3.49E-03
2.38E-03
1.52E-03

1.90E-02

9.25E-04

1.53E-03
1.56E-03
2.21E-03
2.39E-03
1.92E-03
2.66E-03
4.21E-03
5.40E-03
3.69E-03
2.35E-03

2.88E-02

d/dDPi*d/dDPj*SDPi*SDPj

9.92E-04
1.53E-03

1.67E-03
2.37E-03
2.56E-03
2.05E-03
2.86E-03
4 51E-03
5.79€E-03
3.95E-03
2.51E-03

3.08E-02

1.01E-03
1.56E-03
1.67€-03

2.40E-03
2.60E-03
2.08&-03
2.89E-03
4 .58E-03
5.87E-03
4.01E-03
2.55E-03

3.12E-02

1.43E-03
2.21E-03
2.37E-03
2.40E-03

3.69E-03
2.96E-03
4.11E-03
6.50E-03
8.34E-03
5.70E-03
3.62E-03

4.33E-02

1.54E-03
2.39E-03
2.56E-03
2.60E-03
3.69E-03

3.20E-03
4.44E-03
7.02E-03
9.01E-03
6.15E-03
3.91E-03

4.65E-02

1.24E-03
1.92E-03
2.05E-03
2.08E-03
2.96E-03
3.20E-03

3.56E-03
5.63E-03
7.23E-03
4 93E-03
3.14E-03

3.79E-02

1.72E-03
2.66E-03
2.86E-03
2.89E-03
4.11E-03
4.44E-03
3.56E-03

7.83E-03
1.00E-02
6.86E-03
4.36E-03

5.13E-02

2.72E-03
4.21E-03
4.51E-03
4.58E-03
6.50E-03
7.02E-03
5.63E-03
7.83E-03

1.59E-02
1.08E€-02
6.89E-03

7.66E-02

3.49E-03
5.40E-03
5.79E-03
5.87E-03
8.34E-03
9.01E-03
7.23E-03
1.00E-02
1.59E-02

1.39E-02
8.85E-03

9.38E-02

2.38E-03
3.69E-03
3.95E-03
4.01E-03
5.70E-03
6.15E-03
4 93E-03
6.86E-03
1.08E-02
1.39E-02

6.04E-03

6.85€-02

1.52E-03
2.35E-03
2.51E-03
2.55E-03
3.62E-03
3.91E-03
3.14E-03
4.36E-03
6.89E-03
8.85E-03
6.04E-03

4.57E-02

1.41E-04
4.38E-05
-9.96E-06
-6.07E-05
-9.93E-05
5.88E-05
4.19€-05
2.40E-05
-6.91E-06
-2.89E-05
-7.31€-05

3.02E-05

1.41E-04

2.17E-05
-4.93E-06
-3.01E-05
-4.92E-05
2.91E-05
2.07E-05
1.19E-05
-3.42E-06
-1.43E-05
-3.62E-05

8.60E-05

d/dMi*d/dMj*SMi*SMj

4.38E-05
2.17E-05

-1.54E-06
-9.36E-06
-1.53E-05
9.07E-06
6.46E-06
3.71E-06
-1.07E-06
-4 .46E-06
-1.13E-05

417E-05

-9.96E-06
-4.93E-06
-1.54E-06

2.13E-06
3.48E-06
-2.06E-06
-1.47E-06
-8.43€E-07
2.42E-07
1.01E-06
2.56E-06

-1.14E-05

-6.07E-05
-3.01E-05
-9.36E-06

2.13E-06

2.12E-05
-1.26E-05
-8.94E-06
-5.14E-06
1.48E-06
6.18E-06
1.56E-05

-8.01E-05

-9.93E-05
-4.92E-05
-1.53E-05
3.48E-06
2.12E-05

-2.05E-05
-1.46E-05
-8.40E-06
2.42E-06
1.01E-05
2.55€E-05

-1.45E-04

5.88E-05
2.91E-05
9.07E-06
-2.06E-06
-1.26E-05
-2.05E-05

8.66E-06
4.97E-06
-1.43E-06
-5.99E-06
-1.51E-05

5.29E-05

4.19E-05
2.07E-05
6.46E-06
-1.47E-06
-8.94E-06
-1.46E-05
8.66E-06

3.54E-06
-1.02E-06
-4.26E-06
-1.08E-05

4.01E-05

2.40E-05
1.19E-05
3.71E-06
-8.43E-07
-5.14E-06
-8.40E-06
4.97E-06
3.54E-06

-5.85E-07
-2.45E-06
-6.18€E-06

2.46E-05

-6.91E-06
-3.42E-06
-1.07E-06
2.42E-07
1.48E-06
2.42E-06
-1.43E-06
-1.02E-06
-5.85€E-07

7.04E-07
1.78E-06

-7.82E-06

-2.89E-05
-1.43E-05
-4.46E-06
1.01E-06
6.18E-06
1.01E-05
-5.99E-06
-4 .26E-06
-2.45E-06
7.04E-07

7.44E-06

-3.49€E-05

-7.31E-05
-3.62E-05
-1.13E-05
2.56E-06
1.56E-05
2.55E-05
-1.51E-05
-1.08E-05
-6.18E-06
1.78E-06
7.44E-06

-9.97E-05

5.41E-09
2.82E-09
-9.26E-10
-6.05E-09
-1.11E-08
1.03E-08
1.01E-08
7.18E-09
-2.66E-09
-1.09€-08
-1.05E-08

-6.37E-09

5.41E-09

2.70E-09
-8.86E-10
-5.78E-09
-1.06E-08
9.80E-09
9.63E-09
6.87E-09
-2.54E-09
-1.04E-08
-1.01E-08

-5.85E-09

2.82E-09
2.70E-09

-4.62E-10
-3.01E-09
-5.52E-09
5.11E-09
5.02E-09
3.58E-09
-1.33E-09
-5.42E-09
-5.25E-09

-1.76E-09

-9.26€-10
-8.86E-10
-4.62E-10

9.90E-10
1.81E-09
-1.68E-09
-1.65E-09
-1.18E-09
4.35E-10
1.78E-09
1.72E-09

-3.54E-11

-6.05E-09
-5.78E-09
-3.01E-09

9.90E-10

1.18E-08
-1.10E-08
-1.08E-08
-7.68E-09
2.84E-09
1.16E-08
1.12E-08

-5.70E-08

-1.11E-08
-1.06E-08
-5.52E-09
1.81E-09
1.18E-08

-2.01E-08
-1.97E-08
-1.41E-08
5.21E-09
2.13E-08
2.06E-08

-2.03E-08

1.03E-08
9.80E-09
5.11E-09
-1.68E-09
-1.10E-08
-2.01E-08

1.82E-08
1.30E-08
-4.82E-09
-1.97E-08
-1.91E-08

-1.99E-08

1.01E-08
9.63E-09
5.02E-09
-1.65E-09
-1.08E-08
-1.97E-08
1.82E-08

1.28E-08
-4.73E-09
-1.93E-08
-1.87E-08

-1.92E-08

7.18E-09
6.87E-09
3.58E-09
-1.18E-09
-7.68E-09
-1.41E-08
1.30E-08
1.28E-08

-3.38E-09
-1.38E-08
-1.34E-08

-1.00E-08

-2.66€E-09
-2.54E-09
-1.33E-09
4.35E-10
2.84E-09
5.21E-09
-4 82E-09
-4.73E-09
-3.38E-09

5.11E-09
4 95E-09

-9.17E-10

-1.09E-08
-1.04E-08
-5.42E-09
1.78€E-09
1.16E-08
2.13E-08
-1.97E-08
-1.93E-08
-1.38E-08
5.11E-09

2.02E-08

-1.95E-08

-1.05E-08
-1.01E-08
-5.25E-09
1.72E-09
1.12E-08
2.06E-08
-1.91E-08
-1.87E-08
-1.34E-08
4.95E-09
2.02E-08

-1.83E-08



Table A-13 (Continued) ]

Cross Product Terms

d/dPsi*d/dPsj*SPsi*SPsj

T 22E.08 5.52E.00 -1.79E-09 -1.46E-08 -2.58E-08 2.63E-08 2.43E-08 1.73E-08 -6.00E-09 -2.35E-08 -2.62E-08
1.22€-08 529E.09 -1.71E-09 -1.40E-08 -2.48E-08 2.52E-08 2.32E-08 1.66E-08 -5.75E-09 -2.25E-08 -2.51E-08
5.52E-09 5.29E-09 7 75E-10 -6.32E-09 -1.12E-08 1.14E-08 1.05E-08 7.51E-09 -2.60E-09 -1.02E-08 -1.14E-08
-1.79E-09 -1.71E-09 -7.75E-10 2 04E-09 3.62E-09 -3.70E-09 -3.40E-09 -2.43E-09 8.41E-10 3.29E-09 3.68E-09
.1.46E-08 -1.40E-08 -6.32E-09 2.04E-09 2 96E-08 -3.02E-08 -2.78E-08 -1.98E-08 6.87E-09 2.69E-08 3.00E-08
.2.58E-08 -2.48E-08 -1.12E-08 3.62E-09 2.96E-08 .5.35E-08 -4.92E-08 -3.51E-08 1.22E-08 4.76E-08 5.32E-08
2 63E-08 2.52E-08 1.14E-08 -3.70E-09 -3.02E-08 -5.35E-08 5.02E-08 3.58E-08 -1.24E-08 -4.86E-08 -5.42E-08
2 43E-08 2.32E-08 1.05E-08 -3.40E-09 -2.78E-08 -4.92E-08 5.02E-08 3.30E-08 -1.14E-08 -4.47E-08 -4.99E-08
4 73E-08 1.66E-08 7.51E-09 -2.43E-09 -1.98E-08 -3.51E-08 3.58E-08 3.30E-08 -8.15E-09 -3.19E-08 -3.56E-08
-6.00E-09 -5.75E-09 -2.60E-09 8.41E-10 6.87E-09 1.22E-08 -1.24E-08 -1.14E-08 -8.15E-09 1.11E-08 1.23E-08
2 35E-08 -2.25E-08 -1.02E-08 3.29E-09 2.69E-08 4.76E-08 -4.86E-08 -4.47E-08 -3.19E-08 1.11E-08 4.83E-08
2 62E-08 -2.51E-08 -1.14E-08 3.68E-09 3.00E-08 5.32E-08 -5.42E-08 -4.99E-08 -3.56E-08 1.23E-08 4.83E-08

-1.22E-08 -1.12E-08 -2.18E-09 -3.20E-10 -1.73E-08 -5.35E-08 -5.35E-08 -4.53E-08 -2.29E-08 -3.06E-09 -4.42E-08 -5.50E-08

d/dCPi*d/dCPj*SCPi*SCP]

3.09E.06 1.86E-06 -5.65E-07 -4.30E-06 -8.44E-06 8.33E-06 7.41E-06 5.11E-06 -1.96E-06 -7.17E-06 -8.29E-06
3.99E-06 1.84E-06 -5.59E-07 -4.26E-06 -8.36E-06 8.25E-06 7.34E-06 5.06E-06 -1.94E-06 -7.10E-06 -8.21E-06
1.86E-06 1.84E-06 .2.61E-07 -1.99E-06 -3.91E-06 3.86E-06 3.43E-06 2.36E-06 -9.07E-07 -3.32E-06 -3.84E-06
-5.65E-07 -5.59€-07 -2.61E-07 6.03E-07 1.18E-06 -1.17E-06 -1.04E-06 -7.17E-07 2.75E-07 1.01E-06 1.16E-06
-4.30E-06 -4.26E-06 -1.99E-06 6.03E-07 9.02E-06 -8.90E-06 -7.92E-06 -5.46E-06 2.09E-06 7.66E-06 8.85E-06
-8.44E-06 -8.36E-06 -3.91E-06 1.18E-06 9.02E-06 -1.75E-05 -1.56E-05 -1.07E-05 4.11E-06 1.50E-05 1.74E-05
8.33E-06 8.25E-06 3.86E-06 -1.17E-06 -8.90E-06 -1.75E-05 1.53E-05 1.06E-05 -4.06E-06 -1.48E-05 -1.72E-05
7.41E-06 7.34E-06 3.43E-06 -1.04E-06 -7.92E-06 -1.56E-05 1.53E-05 9.41E-06 -3.61E-06 -1.32E-05 -1.53E-05
511E-06 5.06E-06 2.36E-06 -7.17E-07 -5.46E-06 -1.07E-05 1.06E-05 9.41E-06 -2.49E-06 -9.10E-06 -1.05E-05
-1.96E-06 -1.94E-06 -9.07E-07 2.75E-07 2.09E-06 4.11E-06 -4.06E-06 -3.61E-06 -2.49E-06 3.49E-06 4.03E-06
.7.17E-06 -7.10E-06 -3.32E-06 1.01E-06 7.66E-06 1.50E-05 -1.48E-05 -1 .32E-05 -9.10E-06 3.49E-06 1.48E-05
.8.29E-06 -8.21E-06 -3.84E-06 1.16E-06 8.85E-06 1.74E-05 -1.72E-05 -1.53E-05 -1 .05E-05 4.03E-06 1.48E-05

-4.03E-06 .3.95E-06 -8.62E-07 -7.92E-08 -4.60E-06 -1.77E-05 -1.72E-05 -1.37E-05 -6.48E-06 -9.54E-07 -1.28E-05 -1.71E-05

d/dAi*d/dAj*SAI*SAj

2 34E.05 1.20E-05 -3.84E-06 -2.39E-05 -5.16E-05 8.49E-05 5.67E-05 2.60E-05 -9.59E-06 -4.39E-05 -5.96E-05
2.34€E-05 1.12E-05 -3.58E-06 -2.23E-05 -4.82E-05 7.93E-05 5.29E-05 2.43E-05 -8.95E-06 -4.09E-05 -5.56E-05
1.20E-05 1.12E-05 -1.83E-06 -1.14E-05 -2.47E-05 4.06E-05 2.71E-05 1.24E-05 -4.58E-06 -2.10E-05 -2.85E-05
-3.84E-06 -3.58E-06 -1.83E-06 3.65E-06 7.89E-06 -1.30E-05 -8.66E-06 -3.98E-06 1.46E-06 6.70E-06 9.11E-06
-2.39E-05 -2.23E-05 -1.14E-05 3.65E-06 4.92E-05 -8.09E-05 -5.40E-05 -2.4BE-05 9.13E-06 4.18E-05 5.68E-05
-5.16E-05 -4.82E-05 -2.47E-05 7.89E-06 4.92E-05 -1.75E-04 -1.17E-04 -5.35E-05 1.97E-05 9.02E-05 1.23E-04
8.49E-05 7.93E-05 4.06E-05 -1.30E-05 -8.09E-05 -1.75E-04 1.92E-04 8.80E-05 -3.24E-05 -1.48E-04 -2.02E-04
5.67E-05 5.29E-05 2.71E-05 -8.66E-06 -5.40E-05 -1.17E-04 1.92E-04 5.88E-05 -2.16E-05 -9.90E-05 -1.35E-04
2 60E-05 2.43E-05 1.24E-05 -3.98E-06 -2.48E-05 -5.35E-05 8.80E-05 5.88E-05 -9.94E-06 -4.55E-05 -6.18E-05
.9.59E-06 -8.95E-06 -4.58E-06 1.46E-06 9.13E-06 1.97E-05 -3.24E-05 -2.16E-05 -9.94E-06 1.67E-05 2.28E-05
-4.39E-05 -4.09E-05 -2.10E-05 6.70E-06 4.18E-05 9.02E-05 -1.48E-04 -9.90E-05 -4.55E-05 1.67E-05 1.04E-04
.5.96E-05 -5.56E-05 -2.85E-05 9.11E-06 5.68E-05 1.23E-04 -2.02E-04 -1.35E-04 -6.18E-05 2.28E-05 1.04E-04

1.06E-05 1.15E-05 1.13E-05 -6.04E-06 -5.68E-05 -1.80E-04 -1.66E-04 -4.73E-05 1.00E-05 -1.73E-05 -1.39E-04 -2.26E-04



Avernge Sigma Sigma
Value Abeoiute Relalive
Ouct Size
Widh, 328 0.042 1.21%
Length, ft 17s 0.042 0.24%
# ot Points 12
Widthwies 2
Lengthwise ]
Sector WAdHh, it 184 0.042 2.34%
Sector Length, & 202 0.042 1.43%
A, Secwor Asea R 2 4.78 0.138 201%
T.deg F 80 0.400 0.50%
T,deg R 940 0.400 0.07%
Yomgp Blas, deg F 10 200 deg FALength Increment Spaclal Blas
OP, in WC 0.005060  0.00008 0.90%
M, ib/mol 28.05 0.050 0.17%
Amb Pres, In. Hg 29.50
Duct Pres, In. WC 48.00
Ps, in. Hg Absolute 3 0.040 0.13%
CP, Pt Fact 084 0.0000 0.00%
Nominal Vel, tps 396 ACFMa 13631 S8CFM= 13702 b= 62500
Input Deta (1)
Point Al CPI (2) DPI Y] Pel T )
1 400 0.04 0.0008 2 30.00 835.0 0.111
2 497 004 0.0010 2 31.00 337.0 0.172
3 454 0.04 0.0015 -] 32.00 530.0 0.185
4 431 084 0.0020 24 30.00 541.0 0.188
S 520 0.64 0.0025 28 26.00 543.0 0.207
e 478 0.04 0.0030 30 31.00 8450 0.280
7 287 0.64 0.0051 32 30.00 533.0 0.230
8 38 0064 0.0083 -] 29.00 $37.0 0.320
) 5.74 0.84 0.0076 28 28.00 8300 0.507
10 508 0.84 0.0101 2 31.00 541.0 0.652
" 478 0.64 0.0080 22 29.00 543.0 0.440
12 4.07 0.04 0.0041t A 30.00 545.0 0.264
sUM1
3.052
(1) No Atlempt Made 10 Make A of Randomized individual

Terms Equal 10 lnput Average Values.
(2) Not Varied Since Same Pitot Tube Used For All Measuremenis.
(3) AISCPIOPI*MI*Pel/T)) ~0.5
(4) AI*CPIOPI*MI*Pai®TI) ~0.5

W
50.4
924
9.7

101.6
145.2
157.8
120
me
2733
as27
2421
1548
8UM2
1974.0

Table A-14

Inlet

Random Error Calculation -- Primary Alr
(Randomized Input Data Assumed)
Milliken Heat Pipe Air Preheater
Derivatives, dTa/dX (dTa/dX*8lgma) ~ 2
dTe/dTi dTa/Al dTe/CPI  dTs/dOPl dTa/dMi  dTa/dPel d/aTI*STI d/dAI*SAI  d/dCPI*SCPI d/dDPI*SDPI  d/dMi*SMi dldP-iTS-P-r
3.00€02 -30E02 -20E01 -1.7E+02 -3.0E-03 -2.8E-03 1.50E-04 2.51E-08 0.00€E +00 8.91E-05 2.20E-08 1.27€08
4.73E02 -34E02 -20E-01 -8.2€+401 -2.0€-03 -27E-03 3.58E-04 2.10E-06 0.00E +00 1.00E-05 2.07E-08 1.17E-08
807602 -1.JE02 -9.3E-02 -26E+01 -1.5E-03 -1.2£-03 4.11E-04 $.73€-00 0.00E +00 1.84E-08 5.03E-00 2.40E-00
5.14E02 S.49E-03 2061E-02 B5.83E+00 4.93E-04 3.94E-04 4.23E-04 5.88€-07 0.00E+00 8.50€-08 68.07€-10 251E-10
7.30E-02 342€-02 214E-01 3.55E+01 3.22€-03 3. 2€-03 8.54E-04 2.28E-05 0.00E+00 3.15E-08 2.50E-08 1.67€-08
7.80602 7.30E02 4.21E-01 S.81E+01 5.89E-03 5.70£-03 0.97E-04 1.00E-04 0.00E+00 8.44E-008 8.63E-08 S5.24E-08
0.33£-02 -1.26-01 4.26-01 -3.4E+01 -5.5£-03 -5.8E-03 8.41E-04 2.687E-04 0.00E+00 2.96E-00 7.43E-08 5.45E-08
8.80E-02 -8.1E-02 -3.7E-01 -24E+01 -54E-0d -5.4E-03 1.24E-03 1.26E-04 0.00E +00 1.50€E-08 7.16E-08 402608
1.39E-01 37602 -25E-01 -1.4E+01 J.8E-03 -3.8E-03 3.00€-03 2.70€-05 0.00E+00 4.84E-07 3.05E-08 2.35E-08
1.78E01 1.37E-02 9.77E-02 4.05E+00 14 1€03 1.326-03 $.00€-03 3.60E-00 0.00E+00 4.00E-08 5.00E-00 2.83E-00
1.226-01 6.28E-02 3.58E-01 1.09E+01 S5.78E-03 5.16E-03 2.37€-03 7.60E-05 0.00E+00 2.10E-07 8.34E-08 4.33E-08
7.78E02 883602 4.13E-01 4.28E401 S5.60€-03 5.78£-03 9.00E-04 1.426-04 0.00E +00 4.57E-08 7.83E-08 5.30E-08
T A Cp bP M Ps
Contributlono 1.00E-02 8.40E-04 0.00€ +00 1.10E-04 8.11E-07 3.21E-07
Total S8igma~2 0.02
Tavg Sigma 013 deg F

S
(6N



Appendix B-1
Bias Calculation
Primary Air In

>

Error Propagation Calculations, Part B, PAFA

i
|
‘>
i
;

Set no. of sample points

>n:=12;
’ n:=12

procedure for creating variance-covariance matrix

'> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

> forjtondo

> forlton do

> varcovar(i,j] := sqrt(var[i}*var(j])

> od

> od;

> varcovar,

> end; :
Warning, ‘varcovar® is implicitly declared local
warning, '3 is implicitly declared local
warning, “i° is implicitly declared local

make_array :=

proc(var,n)
local varcovar,j,i;
varcovar := array(l .. n,1 .. n)s
for j to n do
for 1 to n do varcovar[i,j] := sqrt (var[i)*var[i]) od
od;
varcovar
end

#4

2Ef



#13
m := (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);

_ 28.97 wma + 28.97
~ 1.608015098 wma + 1

i=1
K14 TVOAWAL AL LD — ‘A" SIDE_OF  Henar PiPE
. PAFA := 14088.2*aph*CP*sqri(PSpa*m)*sum((DPpa[iyTpa[i])*(1/2),I=1..n);
DPpa DPpa
PSpa (28.97 wma+28.97) 1 2
PAFA := 14088.2
A:= 140882 apa ij 1608015098 wma + 1 Toa, " mea,
DP,
pa 3 DL»'pa4 DPpa5 DPpa6 DPpa_, DPpa 8 DPpa o
+a+’Ipa+’Ipa+7pa+’1pa+tlpa+‘Ipa
Pay 4 5 6 7 8 9
DP, Dp DP,
210 24 P2
+ +
a
™a, Tpa)) a,
PRUuAM AL FProw  — k7 5IDE
. PAFB := 14088.2'apa*CP*sqrt(PSpa‘m)*sum((DPpa[i}y/Tpali])*(1/2),i=1..n);
DPpa DPpa
PAFB = 140882 apa cp |£5Pa (2897 Wma+28.97) Ly 2
1.608015098 wma + 1 Tpa, Tpa,

DP DPpa DP, DPpa DPpa DPpa
pa3 pa, pa Pp 6 y<) 2 P

DPpa
Y

+ + + + + + 8
Tpa, Tpa, Tpag Tpag Tra, Tpag

D DP;
bepa,, Fpa,, Py

+ +
T, Tpa,| Tpap,

'Ipa9

> sigmaPAFACP := sqrt(Diff(PAFA,CP)"*2*varCP):

> sigmaPAFACP := value("):

> sigmaPAFAapa := sqrt(Ditf(PAFA,apa)*2‘varapa):

> sigmaPAFAapa := value("):

> sigmaPAFAPSpa := sqrt(Dif{(PAFA,PSpa)*2*‘varPSpa):

> slgmaPAFAPSpa := value("):

> sigmaPAFAWma := sqri(Dif{(PAFA,Wma)~2‘varWma):

> sigmaPAFAWma := value("):

> sigmaPAFADPpa := sqrt(sum(sum(

> Difi(PAFA,DPpali])*Diff(PAFA,DPpali])*varDPpal[i,)]

E > ,j=1..n),I=1..n)):

'> sigmaPAFADPpa := value("):

> sigmaPAFATpa := sqrt{(sum(sum(

S DI(PAEA Tpali]) Diff(PAFA,T palj])varTpali]

> j=1..n),i=t..n)):

> slgmaPAFATpa := value("):




var:=[.6400 6400 6400 6400 .6400 .6400 .6400 .6400 .6400 .6400
6300 .6400)

> varTpa = make_array(var,n);
varTpa = varcovar

Results

‘OOO0.000".".‘.....#0‘.#.“0.“"‘.#“‘.‘0.““‘.0‘0“““‘0'.“

> evalf(PAFA);
6231328846 |b /A1~ Flewo

> evalf(sigmaPAFA);

2062.436394 285
> evall(100'slgmaPAFAIPAFA); BIAS CONTRLPUTONS
3.309785834 :
>
> evalf(sigmaPAFAWma);
23.81299155
> evalf(sigmaPAFACP);

741.8248627

>

> evalf(sigmaPAFADPpa);
) 623.1328828

> evalf(sigmaPAFATpa);
46.15799166

> evalf(sigmaPAFAPSpa);

39.90604447

> evalf(sigmaPAFAapa);
1819.548024

“‘#‘O‘Ot#."#41“‘.O"00#"0.#*t“###t‘#‘4"0#.‘*.“.#‘*‘;“*#0*‘

>1:="1

#3 AL o T

> m := (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
m:= 2874570417

#14

'> PAFA := 14088.2'apa‘CP'sqrt(PSpa'm)'sum((DPpa[i]/’l’pa[i])"(1/2),i=1 ..n);
! PAFA 1= 62313.28846

> PAFB := 14088. 2*apa*CP*sqrt(PSpa‘m)* sum((DPpali)Tpali))*(1/2),1=1..n);
PAFB :=62313.28846




Area for primary air Al cd  INCRemEWT {1
> apa:=4.78;

apa:=4.78
> varapa:= (.0292*apa)"2;
sigmaPAFA := sqrt( ; ‘ varapa :=.01948145978
- " ‘ . yYewaly He Ad Lo,
Diti(PAFA,CP)A2*varCP + . ;> v = .005069;"
| v i= 005069

Ditf{(PAFA,apa)*2*varapa +

i '> DPpa := array([seq(v,i=1..n)]);

Diff(PAFA,PSpa)~2‘varPSpa + © DPpa:=[.005069 .005060 005069 .005069 .005069 .005069 .005069 .0050G:
005069 .005069 .005069 .005069}

> u:= (0.02°v)*2;

sum(sum( u:=.102779044 1077

Diff(PAFA,Wma)*2‘varWma +

Ditf(PAFA,DPpali])*Diff(PAFA,DPpalj])*varDPpal[l,j] + > var := array([seq(u,i=1..n)]);
var:=[.102779044 107 102779044 1077 102779044 107 102779044 1077

Diff(PAFA, Tpali])  Diff(PAFA,Tpa[j})*varTpall,]]

102779044 1077 102779044 10°7 102779044 107 102779044 1077
J=1.n)i=1.n)): 102779044 10°7 102779044 1077 102779044 1077 102779044 107]
. .> varDPpa := make_array(var,n);
sigmaPAFA := value(*): varDPpa := varcovar
i INLET  TemPel hTyRs °E
|>v:= 540;

Constants

v =540

> Tpa := array([seq(v,I=1..n)]);
Tpa:=[540 540 540 540 540 540 540 540 540 540 540 540]
Pitot Coefficient > u:=(0.01%(v - 460))"2;
CP := 0.84; u :=.6400
cp:=.84 > var := array({seq(u,i=1..n)]);

Averages and Variances from Part A

varCP := (0.01)*2;
varcp :=.0001

Pressure for primary air
PSpa := 31.23;

PSpa:=31.25

varPSpa := (0.04)"2;
varPSpa :=.0016

Moisture (air)
» Wma := 0.013;

wma = .013

» varwma := (.1°Wma)*2;

varima :=.169 1077

G
g




Appendix B-2
Random Error Calculation
Primary Air In

>
|

" Random Error Propagation Calculations, Part B, PAFA in

Set no. of sample points

> n:=12;
n:=12

i procedure for creating variance-covariance matrix

i> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

> forjtondo

> foritondo

> If i=} then

> varcovarfl,j] := sqrt(var[i]*var[j])

> else

> varcovarli,j] ;=0

> ti;

> od

> od;

[> varcovar;

> end;

i Warning, varcovar' is implicitly declared local
! warning, "3 is implicitly declared local

' warming, “i’ is implicitly declared local

make_arxay :=

proc(var,n)

local varcovar,3j.i;
varcovar := array(l .. n,1 .. n);
gor j to n do

ael



for 1 to n do
if i = j then varcovar(i,j] := sqgrt(var(i}*varlil)
else varcovar{i,j]l := 0
£i
od
od;
varcovar
end

#13
m := (Wma * 28.97+28.97)/((Wma*28.97/1 8.016)+1);
28.97 Wma +28.97

=" 608015098 wma + 1
sl
i=i

#14 Phimdey AR Flow 70 BT S pe OF HEAT pipe

. PAFA := 14088.2*apa*CP*sqrt(PSpa*m)* sum((DPpa[n]fl'pa[l])"(1/2)l 1..n);
DPj D.
 oAFA = 14088.2 cp [F5P2 (897 bma+2897) pal N Pe)
PAFA:= < apa 1608015098 wma + 1 Tpa,

DPpa3 Dppa4 DPpa 8 Pp
+ + +
Tpa3 Tpa 4 ’Ipa Tpa TPa ’Ipa

DP, DPpa DPpa
Pa1o P Pap,

+ +

215 ey pa,

:DAIW’/'P—\) AL 7o C B’ Sibes o= HeHT QRieE
> PAFB := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpali}/Tpa[i])*(1/2),i=1..n);

D
Spa (28.97 wma +28.97) bfpa, Fpa,

P.
PAFB := 14088.2 cp
apa f 1608015098 #ma + 1 Tpa, * Tpa,

+

DP, D D D. D
pa3 .F"pa4 Ppa5 Ppa6 DPpét7 Ppa 8 DPpa(;

+ " + + - + + +
Tpa3 Tp 4 ’Ipas Tp 6 'Ipa7 Ipa8 Tpa

9

brpa,, |DFpa, | Dfpa,
+ +
P2 Tpa| P2,

i

;> sigmaPAFACP := sqri(Diff(PAFA,CP)*2*varCP):

‘> sigmaPAFACP := value("):

> sigmaPAFAapa := sqri(Diff(PAFA,apa)*2‘varapa):

> sigmaPAFAapa := value("):

> sigmaPAFAPSpa := sqrt(Diff(PAFA,PSpa)*2*varPSpa):

> sigmaPAFAPSpa := value("):

|

> sigmaPAFAWma := sqrt(Diff(PAFA,Wma)*2*varWma):

> sigmaPAFAWma := value("):

> sigmaPAFADPpa := sqrt(sum(sum(

> DIiff(PAFA,DPpa[i])* Diff(PAFA,DPpalj})*varDPpal[i,j]

> ,j=1..n),i=1..n)):

> sigmaPAFADPpa := value("):

,\
tﬁ\



> sigmaPAFATpa := sqrt(sum(sum(

> DIff(PAFA,Tpali])-Diff(PAFA,Tpalj))'varTpali,j]

> ,j=1..n),i=1..n)):

> sigmaPAFATpa := value(*): -

> sigmaPAFA := sqrt(

> Diff(PAFA,CP)*2"varCP +

> DIit{(PAFA,apa)*2*varapa +

> Dilf(PAFA,PSpa)~2*varPSpa +

> Diff(PAFA,Wma)*2'varWma +

> sum(sum(

> Ditf{(PAFA,DPpali])* Ditf(PAFA,DPpalj])*varDPpalij] +

>~ Diff(PAFA,Tpali])-Diff(PAFA,Tpalj])*varTpa[l,i]

> j=1..n)i=1..n)):

> sigmaPAFA := value("):

Constants

Pitot Coefficient re

> CP :=0.84;
cp:=.84

> varCP := 0°2;

varcp:=0

gy
Area - Primary Air gu€ re

> apa:=4.78;

apa =478

> varapa := (0.0292*apa)"2;
varapa = .01948145978

Y
Primary Air Pressure Out re
> PSpa :=31.23;

PSpa:=31.23

> varPSpa := (0.04)"2;
varPSpa :=.0016

Moisture (air) re
> Wma := 0.013;

wma :=.013

;> varWma := (.2'Wma)"2;

varWma := .676 10'5

Velocity Head re
> v := 0.005069;

v :=.005069

> DPpa := array([seq(v,i=1..n)]);
‘ DPpa = [.005069 .005069 .005069 005069 .005069 .005069 .005069 .00506
005069 .005069 .005069 .005069]

> u := (0.00005)"2;

u:=.25 1078

> var := array([seq(u,i=1..n)]);
var:=[ 25 108 25 108 25 108 25 108 25 108 2 108 25 108
25 108 25 108 25 108 25 108 25 10°8]

> varDPpa := make_array(var,n);
varDPpa ;= varcovar

Temperature Primary Air In re

> Vv := 540;
v:=540

> Tpa := array([seq(v,i=1..n)]);
Tpa:=[540 540 540 540 540 540 540 540 540 540 540 540]
> u := (0.005*(v-460))"2;

u :=.160000

> var := array([seq(u,i=1..n)]);

.
(O\]
=



var :=[.160000 .160000 .160000 .160000 .160000 .160000 .160000 .160000
160000 160000 .160000 .160000]
> varTpa := make_array(var,n);

varTpa = varcovar

Results

(ST EYYYY IS LA LSS RIS R ST 1TSS LR L Rt 2 LA A d At Il Tl i Ll L]

> evall(PAFA);

62313.28846  [& in Fo LaTe

> evalf(sigmaPAFA);
1822781079 ¥NDom EnpeoL

> evalf(100*sigmaPAFA/PAFA); COINTRLAU TLON ¢
2925188389
>
> evalf(sigmaPAFAWma);
47.62598310
> evalf(sigmaPAFACP);
0

. I

> evalf(sigmaPAFADPpa);
: 88.71718747 /
> evalf(sigmaPAFATpa);
6.662332196 ,
> evalf(sigmaPAFAPSpa);
39.90604447
> evalf(sigmaPAFAapa);
1819.548024 V]

EIITIYI SRR E RSS2 RS2SR RSS2 RS RIS PR R R R Rttt R Rt L

>li=l"

#13 AL M,
> m:=(Wma * 28.97+28.97)/(Wma*28.97/18.016)+1);

m:=28.74570417

#14

> PAFA := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpali}/Tpali])*(1/2),i=1..n);
PAFA :=62313.28846

> PAFB := 14088.2*apa*CP*sqrt(PSpa‘m)*'sum((DPpali}/Tpali])*(1/2),i=1..n);
PAFB :=62313.28846

eh



>

>

[__Error Propagation Calculations, Part B, PAFA out

i

Set no. of sample points

> n:=20;
' n:=20

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

's varcovar := array(1..n,1..n);
!

> forjtondo

> foritondo

Appendix B-3
Bias Calculation

> varcovar[i,j] := sqrt(var[i}*var(j})

> od

Primary Air Out

> od;

> varcovar;

> end;
warning, ‘varcovar" is implicitly declared local
warning, ‘3  is implicitly declared local
warning, “i° is implicitly declared local

make_array :=s

proc(var,nj
local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do
for i to n do varcovar[i,j] := sqrt(var(i}*var(j]) od
od;
varcovar
end

#4

-
X
©



#13
- m := (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
.o 2897 Wma+2897
" 1.608015098 wma + 1

' . “l.
r)i= M

i:=1

#14 Plimpey Al Feexo Frpom A S DEoF fdent PIRS
- PAFA := 14088.2'aba'CP‘sqrt(PSpa‘m)'sum((DPpa[i]/Tpa[i])"U/2),I=1..n);

DPpal DPpa

PSpa (28.97 wma +28.97) 2
PAFA := 14088.2 CP
apa j 1608015098 wma + 1 Tpa, * Tpa,
D D DP, P
Ppa3 Ppa4 pas D pa6 DPpé:7 DPpa8 DPpa 9
e e e et e et
3 4 5 6 7 8 Tpa,
D. DP)
Fpa), | PPy, pa, |Pfpajy [DPpa, |DPpa
+ —+ mat T oa + + -
P2, 11 12 13 Pa, pa
DP] D.
Pa6 Fpa, | DPpaj, |DFpa, |DPpa,,
+ T+ preg + ma * oa + e
Teajg 17 18 19 20

PAFB := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpal[i}/Tpa[i])*(1/2),i=1..n);

PSpa (2897 mma+2897) | | 0P [ PPPY,
- o] b .
PAFB:= 140882 apa CP j 1608015098 wma + | Tpa, * Tpa,
DP)
DPp‘:-a3 DPpa4 DPpa5 DPpa 6 pa7 DPpa 8 DPpa(J
+ + + + + Tt oa + e
Tpay Tpa, Tpag pag pa, 8 9
DPpalO DP'pal | DPpa12 DPan DPpa14 DPpalS
+ " + + + oa + Py
P25 pa pap, pas 14 15
DPpal6 DPpa17 DPpa]8 DPpal9 DPpazO
+ + + Tpa + oA + P
P26 i 18 19 20
> sigmaPAFACP := sqrt(Diff(PAFA,CP)*2*varCP):
> sigmaPAFACP := value("):
!
l> sigmaPAFAapa := sqrt(Diff(PAFA,apa)~2*varapa):
> sigmaPAFAapa := value("):
> sigmaPAFAPSpa := sqrt(Ditf(PAFA,PSpa)~2*varPSpa):
> sigmaPAFAPSpa := value("):
i
> sigmaPAFAWma := sqrt(Diff(PAFA,Wma)~2*varWma):
> sigmaPAFAWma := value("):
> sigmaPAFADPpa := sqrt(sum(sum(
'> Diff(PAFA,DPpali])*Diff(PAFA,DPpal[j})*varDPpa(i,j]
> j=1..n),i=1..n)):
> sigmaPAFADPpa := value(*):
.
S



v

sigmaPAFATpa := sqri(sum(sum(

Primary Air Pressure Out

> DIitf(PAFA,Tpali))*Diff(PAFA,Tpalj])*varTpali,]

J=1..n)l=1..n)):

\%

> sigmaPAFATpa := value("):

v

sigmaPAFA := sqrt(

> PSpa := 31.11;
PSpa:=31.11

> varPSpa := (0.04)"2;
varPSpa :=.0016

Moisture (air)
> Wma := 0.013;

wma :=.013

> Ditf(PAFA,CP)*2*varCP +

> Dift(PAFA,apa)*2*varapa +

> varWma := (.1*"Wma)"2;
variWma :=.169 l()'5

> Diff(PAFA,PSpa)*2*varPSpa +

> Dif{(PAFA,Wma)*2*varWma +

sum(sum(

v

Diff(PAFA,DPpali]) Diff(PAFA,DPpa(j])*varDPpali,j] +

v

Ditt(PAFA,Tpal[i])'Diff(PAFA,Tpal[j])*varTpall,j]

\'

J=1..n)i=1.n)):

v

> sigmaPAFA := value("):

Constants

Pitot Coeflicient

> CP :=0.84;
Ccp:=.84

> varCP := 0.01/2;
varcCp:=.0001

Area - Primary Air Out AREA  ipnCREmawWT

> apa := 0.63;
apa = .63

> varapa := (0.0208*apa)~2;
varapa := .000171714816

Velocity Head re
> v:=0.2171;

v:=.2171

> DPpa := array([seq(v,i=1..n)});
DPpa:=[.2171 2171 2171 2171 2171 2171 217F1 2171 2171 2171
2171 2171 2171 2171 2171 2171 2171 2171 2171 .2171)

> u:=(0.02*v)"2;

u :=.000018852964

> var := array([seq(u,i=1..n)]);
var :=[.000018852964 000018852964 .000018852964 .000018852964
000018852964 000018852964 000018852964 000018852964 00001885296+
000018852964 000018852964 000018852964 .000018852964 .00001885296+
000018852964 .000018852964 000018852964 000018852964 .00001885296-
000018852964 ]

> varDPpa := make_array(var,n);

varDPpa = varcovar

Temperature Primary Air Out re

> v:=1104;
v:=1104

> Tpa := array([seq(v,i=1..n)]);
Tpa:=[1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 110+
1104 1104 1104 1104 1104 1104 1104 1104 1104}

> U := (0.01°(v-460))"2;

u :=41.4736

<
<
3



. var := array([seq(u,i=1..n)});

var:={41.4736 414736 41.4736 414736 414736 414736 414736 41.4736 #14

414736 41.4736 41.4736 414736 414736 41.4736 414736 41.4736 > PAFA := 14088.2*apa’CP*sqri(PSpa*m)*sum((DPpali}Tpali])*(1/2),i=1..n);
414736 414736 414736 41.4736) PAFA := 62529.82254

. varTpa := make_array(var,n);

varTpa := varcovar ;> PAFB := 14088.2'apa'CP'sqrt(PSpa'm)'sum((DPpa[i]lTpa[i])"(1/2),i=1 ..n);

! PAFB := 62529.82254

>

Results
#0*““t0‘0“OtttO."“‘.'t.t‘##t“‘#t#‘#‘#t#t“‘#‘#t#t##‘t‘#t‘t“

» evalf(PAFA);

62529.82254  |bMi.  Flowo
» evalf(sigmaPAFA); !
1634.685119 o/t AAS '
. evalf(100*sigmaPAFA/PAFA); ConTRIBUTON S ;
2.614248774

» evalt(sigmaPAFAWma);
23.89573991 /
» evalf(sigmaPAFACP); .
744.4026492 / :
» evalf(sigmaPAFADPpa); l
625.2982312 {
» evalf(sigmaPAFATpa); i
182.3786497
|

» evalf(sigmaPAFAPSpa);
40.19917875

» evalf(sigmaPAFAapa); \V
1300.620309

SEEERERRR R BE RS RSP SRR RRRRR SRR RS AR AR RS ES RS R E RN RN E

> ="

#13
> m := (Wma * 28.97+28.97)/(Wma*28.97/18.016)+1);
m:=28.74570417

\"\



Appendix B-4
Random Error Calculation
Primary Air Out

Random Error Propagation Calculations, Part B, PAFA out

Set no. of sample points

n:=20;

n:=20

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

‘> forjtondo

> foritondo

> if I=] then

> varcovarl[i,}] := sqrt(var[i]*var[j])

> else

> varcovar[i,jl :=0

> fi;

> od

'> od;

> varcovar;

> end;
warning, “varcovar®' is implicitly declared local
warning, 3 is implicitly declared local
Warning, "i’ is implicitly declared local

make_array :=

proc(var,n)

local varcovar,j.i;
varcovar := array(l .. n,1 .. n);
gor j to n do

bl



for i to n do
if i .= j then varcovar{i,j)l := sqrt(var[il*var([j])
else varcovarli,j] := 0
£i
od
od;
varcovar
end

#13
m := (Wma * 28.97+28.97)/(Wma*28.97/18.016)+1);
e 28:97 Wma + 2897
"~ 1.608015098 wma + 1

I:="i;

i:=1
#14 Pumpey AL Fwold Fiow W SIDE 0F MHent o, PC
PAFA := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpa[i}/Tpali])*(1/2),l=1..n);

DPpa DPpa
© PAFA:= 140882 apa CP PSpa (28.97 wma+28.97) 1 + 2
1.608015098 Wma + 1 mal Tpaz
D. DP, DP, DPF
Ppa 3 pa4 pa s pa 6 DPpa7 DPpa 3 DPpa9

+ + + + + +
Tpa 3 Crpa4 Tpas ’Ipa6 ﬂpa,l Tpa 3 Tpa 9

DP; DP; D
DEpa,, | PPPa, pa, | DPPa, P4 Fpa, s
+ + + + + "
Tra), Tpa) Tpa,, Tpa 4 pa, Tpa g
D DP] D
DFpa o | PPPay, Ppa g Pdig Fray,

+ + + a s
Tpa Tpa, Tpa g pa, 20

Al ZLOW  Eadw A7 S/DE
> PAFB := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpa[iy/Tpali]})*(1/2),i=1..n);

D. D
RS - 140882 apa Cp | FSP2 (2897 Wma+2897) e . P
i = - ap 1.608015098 wma + 1 Tpa Tpa,
!
D. D D.
DPpa3 DPpa 4 DPpaS DPpa s Ppa 4 Ppa 8 Pp.ae

+ + + + +

Tpa 3 Tpa 4 ’.7pa5 Tpa 6 Tpa,l Tpa 3 'Ipag
Depa DPpa | DPpa DEpa Depa DPpa
P2, 3 P2, as 2, pas
DPpal6 DPpa” Dmal 8 DPpalg DPpa20

P26 P2y Pag Py P2

> sigmaPAFACP := sqrt(Diff(PAFA,CP)*2*varCP):

> sigmaPAFACP := value("):

> sigmaPAFAapa := sqrt(Diff(PAFA,apa)*2*varapa):

> sigmaPAFAapa := value("):

> sigmaPAFAPSpa := sqrt(Diff(PAFA,PSpa)*2*varPSpa):

> sigmaPAFAPSpa := value("):

> sigmaPAFAWma := sqrt(Diff(PAFA,Wma)~2*varWma):

> sigmaPAFAWma := value("):




v

sigmaPAFADPpa := sqgri(sum(sum(

Diff(PAFA,DPpali)) Diff(PAFA,DPpalj])varDPpal[i,|]

v

v

J=1..n),i=1..n)):

> sigmaPAFADPpa := value("):

v

sigmaPAFATpa := sqrt(sum(sum(

> DIf(PAFA,Tpali])* Diff(PAFA,Tpalj])*varTpa[i,j]

v

J=1..n),i=1..n)):

sigmaPAFATpa := value("):

v

sigmaPAFA := sqrt(

v

> Diff(PAFA,CP)*2'varCP +

> Diff(PAFA,apa)*2*varapa +

> Dit{(PAFA,PSpa)~2‘varPSpa +

> Dif{(PAFA,Wma)*2*varWma +

v

sum(sum(

\Y

Ditt(PAFA,DPpali])*Ditt(PAFA,DPpalj])*varDPpali,j] +

> Diff(PAFA,Tpali])-Ditf(PAFA,Tpa[j])varTpa(i,j}

v

J=1.n)i=1.n):

> sigmaPAFA := value("):

Constants

Pitot Coefficient re

> CP :=0.84;

cp:=.84

> varCP := 072;
varcp:=0

Area - Primary Air Out re

> apa := 0.63;
apa :=.63

> varapa := (0.0208*apa)"2;
varapa :=.000171714816

Primary Air Pressure Out re

> PSpa := 31.11;
| PSpa:=31.11

> varPSpa := (0.04)"2;
varPSpa = .0016

Moisture (air) re

‘> Wma := 0.013;
wma :=.013

> varwWwma := (.2*Wma)*2;

varwma :=.676 10'5

Velocity Head re

> v :=0.2171;
v:=.2171

> DPpa := array([seq(v,i=1..n)]);
pppa:=[.2171 2171 2171 2171 2171 2171
2171 2171 2171 2171 2171 2171 2171

2171 21712171 2171
2171 2171 .2171)

> u:= (0.00005)"2;

u:=25 1078

> var := array([seq(u,i=1..n)]);
var:=[.25 108 25 108 25 108 25 108 25
25 108 25 108 25 108 25 108 25 108
25 108 25 108 25 108 25 108 .25 108]

108 25 108 25 108

25 108 25 108 25 1¢C

> varDPpa := make_array(var,n);
varDPpa := varcovar

Al



Temperature Primary Air Out re

> v:=1104;
v:i= 1104

> Tpa := array({seq(v,i=1..n)]);
Tpa:=[1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104
1104 1104 1104 1104 1104 1104 1104 1104 1104)]

> U := (0.005°(v-460))"2;

u := 10.368400

> var := array([seq(u,i=1..n)]);
var:=[10.368400 10.368400 10.368400 10.368400 10.368400 10.368400
10.368400 10.368400 10.368400 10.368400 10.368400 10.368400 10.368400
10.368400 10.368400 10.368400 10.368400 10.368400 10.368400 10.368400]

> varTpa := make_array(var,n);

varTpa = varcovar

Results

(AT TYYEI TR RS T2 TR AR LR A2t ettt st et

> evalf(PAFA);

62529.82254 &/ FLOW BRTE

> evalf(sigmaPAFA);
1302.279372 BANTHW ERROL

CoWwTR 1Dy 7¢ONS

> evalf(100*sigmaPAFA/PAFA);

2.082653235
> J
> evalf(sigmaPAFAWma);

47.79147982
> evalf(sigmaPAFACP);

0 .

g l
> evalf(sigmaPAFADPpa);

1.610098270
> evalf(sigmaPAFATpa);

20.39055286
> evalf(sigmaPAFAPSpa); y

40.19917875

> evalf(sigmaPAFAapa);
1300.620309

B R RS R R R NS R RSB A AR E KRB RS RS AR R B E R AR SRS RSB

>i:="l

#13

> m:= (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
m:=28.74570417

#14

> PAFA := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpali}y/Tpali])*(1/2),i=1..n);
f PAFA := 62529.82254

:> PAFB := 14088.2*apa*CP*sqrt{PSpa*m)*sum((DPpal[i)/Tpa[i])~(1/2),i=1..n);
i PAFB ;= 62529.82254

B




| Error Propagation Calculations, Part A, CO2i
-

Set no. of sample points

>n:=2;
! n=2

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

|
}>for|tondo

> foritondo

Appendix C-1

Bi as Err or C al cul ati on > varcovar|i,}] := sqrt(var[i]*var[j}) .
Iniet Flue Gas Average CO, Concentration > od
' > od;

> varcovar,

> end;

: Warning, °‘varcovar® is implicitly declared local

. Warming, “3° is implicitly declared local
Warning, 1" is implicitly declared local

make_array :=

proc(var,n})
local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n Ao
for i to n do varcovar{i,j] := sqrt(var(i]l*var(j)) od
od;
varcovar
end

#4

> MFG := proc(x,A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)



> Cr := (A"OUHD"Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x}-02[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
warning, 'Cr° is implicitly declared local
warning, 'Cb° is implicitly declared local
wWarning, "K3' is implicitly declared local
Warning, "K4' is implicitly declared local
Warning, "MFPG" is implicitly declared local

MFG =

proc (x,A,OUHD,Ca,C,S,CO,CO2,H, Wwma, 02,N, Mf)

local Cr,Cb,K3,Kd4, MFG;
Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb im C-Cr;
K3 1= (Cb+.3744932959*8)/(12.01*C02([x]+12.01*CO[x]);
Kd :=

8.936*H+Wma* (36.46063760* (100-CO[x]-CO2[x])-02([x])*K3-1.301236174*N)+Mf

¥
MFG := .05550621670*K4/(.05550621670*K4+100*K3)

end

#6

> M := proc(x,A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°S/32.07)/(12.01*(CO2[x] + CO[x)));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016°K4+K3%(288.08*CO2([x]+71.70"02[x]+50480.8))/(K4+1801.6"K3)

> end;
Wwarning, "Cr' is implicitly declared local
Warning, "Cb" is implicitly declared local
Wwarning, “K3° is implicitly declared local

warning, ‘K& is implicitly declared local
' warning, 'M° is implicitly declared local

I M

proc (x, A, OUHD,Ca,C,S,CO,CO2,H, Wma, 02, N,Mf)
local Cr,Cb,K3,K4,M;

end

Cr 1= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);

Cb = C-Cr;

K3 1= (Cb+.3744932959*%S)/(12.01*C02{x)}+12.01*CO[x]);

K4 3=
8.936*H+Wma* (36.46063760*%(100-CO[x]-CO2[x])~02[x])*K3-1.301236174"N
)

M := (18.015‘K(+K3'(288.08'C02[x]¢71.70'02[x]450450.9 })/7(K4+1801.¢€

5 slgmaCO2avel := sqri(

> Diff(CO2avel,A)*2*varA +

> Ditf(CO2avel,OUHD)*2*varOUHD +

> Diff(CO2avel,Ca)*2*varCa +

b Diff(CO2avel,C)*2*varC +

> Ditf{(CO2avei,S)*2*varS +

> Diff(CO2avei,H)*2*varH +

Diff(CO2avei,Wma)*2*varWma +

> Diff(CO2avei,N)*2*varN +

> Ditf{(CO2avel,Mf)*2*varMt +

> sum(sum(

> Ditf(CO2avei,DPi[i])*Diff(CO2avei,DPi[j])*varDPi[i,j] +

> Ditf(CO2avel,Ti[i])*Diff(CO2avel,Tifj])*varTi[i,j] +

> Diff(CO2avei,COifi])*Diff(CO2avei,COifj])*varCOi[i,j] +

> DIff(CO2avel,CO2i[i])*Diff(CO2avel,CO2i[j]) varCO2i[l,]] +

> Diff(CO2avei,02i[i])*Diff(CO2avei,02i[j])*varO2i[i,j]

> j=1..n),i=1..n)):

> sigmaCO2avei := value("):




Constants

Coal Feed Rate (Ibs/hr)

> Wie := 115839;
wfe := 115839

> varWfe := (0.05'Wfe)"2;
varWfe := 3354668480 108

Area (square ft)

> Areal := 3.99;
Areai =399

> varAreal := (0.0335'Areal)"2;
varAreai :=.01786633223

> Areao := 3.54;
Areao :=3.54

> varAreao := (0.0364*Areao)"2;
varAreao .= .01660386874

Pitot Coefficient

> varPSi := (0.04)"2;
varpPsi = .0016

> PSo := 29.1;
PSo:=29.1

> varPSo := (0.04)2;
varPSo :=.0016

Velocity Head
> Vv :=.45802;

v:=.45802

> DPo := array([seq(v,i=1..n)]);
DPo :=[.45802 .45802])

> u:=(.02'v)A2;
u :=.00008391292816

> var := array([seq(u,i=1..n)});
var :={.00008391292816 .00008391292816]

> varDPo := make_array(var,n);
varDPo .= varcovar

> v :=.82831;
v:.=.82831

> DPI := array([seq(v,I=1..n)]);
Dpi :={.82831 .82831]

> u = (.02*v)*2;
u :=.0002744389824

> var := array([seq(u,i=1..n)]);
var :=[.0002744389824 .0002744389824]

> varDPi := make_array(var,n);
varDPi := varcovar

> CP:=0.84;
Ccp:=.84

> varCP := (0.01)72;
varCPp :=.0001

Pressure in Area

> PSIi := 29.23;
PSi:=29.23

Temperature (R)

>Vv:i=713;
v:=T713

> To := array([seq(v,i=1..n)]);
To:={713 713]

> u:= (0.01*(v-460))*2;
u = 6.4009

oGh



> var := array([seq(u,l=1..n)));
var :=[6.4009 6.4009)

> varTo := make_array(var,n);
varTo ;= varcovar

> v:= 1140;
v:= 1140
> Ti:= array([seq(v,i=1..n)]);
Ti:=[1140 1140]
> u:=(0.01*(v-460))42;
u = 46.2400

> var := array([seq(u,i=1..n)]);
var :=[46.2400 46.2400)

> varTi := make_array(var,n);
: varTi = varcovar

Moisture in Ash

> Mf :=0.06;
Mf = .06

> varMi := (0.039°MN)2;
varMf = 54756 1075

Ash

> A:= 0.0619;
A:=.0619

> varA := (0.039°A)"2;
vara = .582787881 1075

Overhead

> OUHD := 0.9;

[
©

OUHD:

> varOUHD := (0.1*OUHD)*2;
varOUHD := .0081

Carbon

> C:=0.7381;
C:=.7381

> varC := (0.039°C)A2;

varcC := (008286280388

Hydrogen

> H :=0.0482;
H:=.0482

> varH := (0.039*H)"2;
varH = 353364804 1075

.__Nitrogen
> N :=0.0135;

N:=.0135

> varN := (0.039°N)~2;
varn:= 27720225 1076

Sulfur

> $:=0.0123;
S:=.0123

> varS :=(0.019°S)~2;

varsS:=.5461569 1077

C02

> v = 14.145;
vi= 14145

> CO2o0 := array([seq(v,i=1..n)]);
CO20:=[14.145 14.145)

> u:=0.122;
u:=.01

> var := array([seq(u,i=1..n)]);
' var:={.01 .01)

> varCO20 := make_array(var,n);
varC02o := varcovar

> v:=15.2148;
v:=15.2148

> CO2i := array({seq(v,i=1..n)]);
C02i:=[152148 15.2148]

> u:=(0.1)22;
u:=.01

L
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> var := array([seq(u,l=1..n)]);
var:=[.01 .01}

> varCO2I := make_array(var,n);
varC021 := varcovar

02
>v:=5;
vi=S$
> 020 := array([seq(v,l=1..n)));
020:={5 S|
> u := (0.05)"2;
u:=.0025

> var := array([seq(u,i=1..n)]);
var:={.0025 .0025]

> varO2o := make_array(var,n);
var02o .= varcovar

> v:=3.8;
v:=338

> 02i := array({seq(v,I=1..n)});
021i:=[3.8 3.8}

> U := (0.05)*2;
u :=.0025

> var := array([seq(u,i=1..n)]);
var:=[.0025 .0025]

> varO2i := make_array(var,n);
var021i .= varcovar

Molsture (air)

> Wma := 0.013;
wma :=.013

> varWma := (.1'Wma)*2;
varima :=.169 1073

co

> v := 0.005;
v:=.005

> COo := array([seq(v,i=1..n)});

COo :=[.005 005]

> u:= {0.002)*2;

ui=4 107

> var := array{[seq(u,l=1..n})}]);
var::[.4 103 4 IO'S]

> varCOo := make_array(var,n);
varCOo .= varcovar

> v :a 0.005;
= 005

<
]

> COI := array([seq(v,i=1..n)}));
coi ={.005 .005]

> u:=(0.002)72;

’ ui=4 1073

'> var := array([seq(u,l=1..n)});
var:=[.4 10 4 103]

> varCOl := make_array(var,n);

varCOl1 ;= varcovar

Carbon in Ash

> Ca := 0.0486;

Ca := 0486

'> varCa := (0.25°Ca)"2;
varCa := .000147622500

Results

eval(sigmaQ2avei);

> eval(CO2avel);

15.21480000
> eval(sigmaCO2avel);

1000000000
> eval(100°sigmaCO2avel/CO2avei);

6572547182




> Cr := (A'OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)y(1-Ca/3);

'> Cb:=C-Cr;

Error Prapagation Calculations, Part A, CO2i > K3 := (Cb+12.01*S/32.07)/(12.01*(CO2[x] + CO[x)));

Setno_of sample points > K4 := 8.936°H + Wma*((28.02"(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

=4;
>n ni=d ’> MFG := (K4/18.016)/((K4/18.016)+100"K3)
'> end;
procedure for creating variance-covariance matrix l wWarning, “Cr' is implicitly declared local

Warning, 'Cb’ is implicitly declared local
warning, "K3' is implicitly declared local
wWarning, "K4' is implicitly declared local

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);
y( ' )' wWarning, 'MFG" is implicitly declared local
> forjtondo WFG :m
> forlto ndo proc (x,A,OUHD,Ca,C,S,CO,CO2,H, Wna, 02, N, Mf)
local Cr,Cb,K3,K4,MFG;
> varcovar|l,]] := sqrt(var{i}*var[j]) Cr s= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3%Ca);

Cb i1= C-Crj;
K3 1= (Cb+.3744932959*S)/(12.01*C02([x)+12.01*CO[x]});

> od
Kb =
> od; 8.936*H+Wma* (36.46063760* (100-CO[x]-CO2([x]-02[x]))*K3-1.301236174*:
H
> varcovar; MFG ;= .05550621670*K4/(.05550621670*K4+100*K3)
end

> end;

warning, ‘varcovar® is implicitly declared local 6

warning, ‘3j° is implicitly declared local

>M:= proc(x,A,OUHD,Ca,C.S,CO,COZ,H.Wma,02,N,Ml)

warning, "i° is implicitly declared local

> Cr := (A"OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

make_array =

proc(var,n) >Cb:=C-Cr;
local varcovar,j,i;
varcovar i= array(l .. n,1 .. n); > K3 := (Cb+12.01*S/32.07)/(12.01*(CO2[x] + CO[x]));
for j to n do
oq, OEtEon varcovar(i,j] := sqrt(var[i]tvar(3l) od > K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])* K3-N)/0.7685)+Mf;
varcovar [ - . . . -
end > M := (18.016'K4+K3*(288.08'CO2[x]+71.70*02(x]+50480.8))/(K4+1801.6 K3)
> end;

i warning, ‘Cr' is implicitly declared local
warning, 'Cb° is implicitly declared 1 1
> MFG := proc(x,A,0UHD,Ca,C,S,CO,CO2,H,Wma,02,N,Mt) e \§3" is implicitly dsclared local

I
n
W



warning, ‘K&  is implicitly declared local
Warning, "M’ is implicitly declared local

M=

proc(x,A,OUHD,Ca,C,8,C0,CO2,H, Wna,02,N,Mf)
local Cr,Cb,K3,K4,M;
Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb = C-Crxj
K3 := (Cb+.3744932959*S)/(12.01*C02([x]+12.01*CO[x]);
K4 ;=
8.936*H+Wma* (36.46063760*(100-CO[x]-CO2[x]-02([x]))*K3~1.301236174*N) +Mf
!
M = (18.016*K4+K3%(288.08*C02[x]}+71.70*02[x]+50480.8 ))/(K4+1801.6*K3)
end

>
>
>
>

CO2avel := sum((DPI[IJ/(TI[1]"M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,Mf)))(1/
2)*(1-MFG(i,A,OUHD,Ca,C,S,COI,C02i,H,Wma,02i,N,Mt))*CO2i[i},I=1..n)/sum((DPI[i
V(Ti[1]'M(1,A,OUHD,Ca,C,S,COl,CO2i,H,Wma,02|,N,Mf))*(1/2)*(1-MFG(I,A,OUHD,C
a,C,S,C01,C02i,H,Wma,02i,N,Mf),i=1..n):

>

sigmaCO2avel := sqrt(

>

Diff(CO2avel,A)*2*varA +

>

Ditt(CO2avei,0UHD)*2*varOUHD +

Diff(CO2avel,Ca)*2*varCa +

Diff(CO2avel,C)*2*varC +

Diftt(CO2avel,S)*2*varS +

Ditf(CO2avel,H)*2*varH +

Diff(CO2avei,Wma)*2*varWma +

Ditf(CO2avei,N)*2*varN +

Ditf(CO2avei,Mf)*2*varMf +

sum(sum(

Diff(CO2avel,DPifi])*Diff(CO2avei,DPi[j])*varDPI[i,j] +

v

Diff(CO2avel,Ti[i])*Ditf(CO2avel,Ti[j])*varTi[i,}]] +

Diff(CO2avei,COI[i])*Dift{(CO2avel,COi[j])*varCOIi[i,j] +

v

> Dift(CO2avel,CO2i[l})*Diff(CO2avel,CO2i[j])*varCO2i{i,j] +

VT

Diff(CO2avel,02i[i])*Diff(CO2avel,02i[j})*varO2i[i,]]

> J=n)i=T.n)):

> sigmaCO2avel := value("):

Constants

Coal Feed Rate (Ibs/hr)

> Wte := 115839;
wfe := 115839

> varWfe := (0.05*Wfe)"2;
varWfe = 3354668480 108

Area (square ft)

> Areal := 3.99;
Areai :=3.99

F varAreai := (0.0335*Areai)*2;
varAreai :=.01786633223

> Areao := 3.54;
Areao :=3.54

[> varAreao := (0.0364*Areac)”2;
! varAreao = .01660386874

Pitot Coefficient

> CP :=0.84;
cp:=.84

> varCP := (0.01)*2;
varCp :=.0001

Pressure in Area

> PSi :=29.23;



PSi:=29.23

5 varPSi := (0.04)"2;
varpPsi =.0016

= 6.4009

Il> var := array([seq(u,i=1..n)]);
var :=[6.4009 6.4009 6.4009 6.40091

> varTo := make_array(var,n);

> PSo :=29.1;
PSo:=29.1

!

l

varTo .= varcovar

S varPSo := (0.04)*2;
varPso =.0016

Velocity Head

> v := .45802;
v:=.45802

> v := 1140;
v:= 1140
‘\> Ti-= array([seq(v,i=1..n)));
! pi=[1140 1140 1140 1140]
> 0 := (0.01%(v-460))*2;
u = 46.2400

> DPo:= array([seq(v,l=1..n)]);
pPo :=[.45802 45802 45802

> var := array([seq(u,i=1..n)1)

45802}

> u = (.02'v)*2;
u := .00008391292816

var :=[46.2400 46.2400 46.2400 46.2400])

|> varTl := make_array(var,n);

> var == array([seq(u,l=1..n)]);
var = [.0000839!292816

.00008391292816 .00008391292816 .00008391292816]

varTi = varcovar

Moisture in Ash

> varDPo := make_array(var,n);

varDPo ;= varcovar

> M1 :=0.06;

Mf :=.06

> varMf := (0.039°Mf)*2;

> v:=.82831; . varMf = 54756 107
> DPi:= array([seq(v.l=1..n)]); Ash
ppi :=[.8283!1 82831 .82831 .82831]) > A= 0.0619;
> u:=(.02'V)*2; ' A:=.0619
u -= 0002744389824 > varA := ( 0.039*A)*2;
> var = array([seq(u,i=1..n)); ‘ vara:= 582787881 107
var:=| 02744389824 0002744389824 0002744389824 0002744389824
> varDPl := make_array(var,n); Overhead
varDPi ;= varcovar > OUHD := 0.9;
OUHD:=.9
Temperature (R) > varOUHD := (0.1*OUHD)"2;
> vi=713; varOUHD := 0081
vi=713
> To:s= array([seq(v,i=1 <) Carbon
T0:=(713 713 713 713} > C :=0.7381; :
> u := (0.01°(v-460))"2; c:=.7381




> varC := (0.039'C)*2;
varcC = 0008286280388

Hydrogen

> H :=0.0482;
H:=.0482

> varH := (0.039°H)*2;
varH:= 353364804 107

Nitrogen

> N :=0.0135;
N:=.0135

> varN := (0.039*N)*2;

varN:= 27720225 1075

Sulfur

> S :=0.0123;
5:=.0123

> var$S := (0.019°S)*2;
vars:=.5461569 1077

CO2

> v := 14.145;
v:=14.145

> CO20 := array([seq(v,I=1..n)]);
C020:=[14.145 14,145 14.145 14.145]

> U= 0.122;
u:=.0l

> var := array([seq(u,i=1..n)]);
var:=[.01 .01 .01 .01}

> varC02o := make_array(var,n);
varCO2o0 := varcovar

> v := 15.2148;
v:=15.2148

> CO2i := array([seq(v,I=1..n)]);
Cco2i:=[152148 152148 152148 152148]

> u:=(0.1)2;

i u:=.01

> var := array([seq(u,i=1..n)]);
var:=[.01 .01 .01 .01}

> varCO2i := make_array(var,n);
varCO21 ;= varcovar

02

> v:i=5;

> 020 := array([seq(v,i=1..n)]);
020:=[5 5 5 5]

> U := (0.05)"2;
u :=.0025

> var := array([seq(u,l=1..n)]);
var:=[.0025 .0025 .0025 .0025]

> varO2o := make_array(var,n);
varO2o .= varcovar

> V:=3.8;
v:i=38

> 021 := array([seq(v,i=1..n)]);
02i:={38 38 38 3.38]

> u:= (0.05)*2;
u :=.0025

p var := array([seq(u,i=1..n)]);
var :=[.0025 .0025 .0025 .0025]

> varO2i := make_array(var,n);
var021i := varcovar

{
v

Moisture (air)

> Wma := 0.013;
wma :=.013

> varWma := (.1*Wma)"2;

i varima :=.169 10'5

r

CO

> v := 0.005; )
v:=.005




> COo := array([seq(v,i=1..n)]);
COo :=[.005 .005 .005 .005]

> u:= (0.002)*2;

u:=.4 107

> var := array([seq(u,i=1..n)]);
‘ var=[4 105 4105 4105 4 107]

> varCOo := make_array(var,n);
K varCoOo .= varcovar

{

> v := 0.005;
r v:=.005

> COIl := array([seq(v,i=1..n)]);
‘ coi:=[.005 .005 .005 .005)

> u:=(0.002)"2;
u=.4 107

> var := array([seq(u,l=1..n)]);
var:=[4 10° 4105 4105 .4 1075]

> varCOl := make_array(var,n);
varCOi1 = varcovar

Carbon in Ash

> Ca := 0.0486;
Ca :=.0486

> varCa := (0.25°Ca)*2;
varcCa :=.000147622500

T e e e e e P TR R SR YT R DR R R RS L SR L S RS D S 22ttty td

Results

> eval(CO2avei);

15.21480000
> eval(sigmaCO2avei);
1000000001
> eval(100*sigmaCO2avel/CO2avei);
6572547789
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3

>
|

Random Error Propagation Calculations, Part A, CO2i

Set no. of sample points

> n:=8;
n:=§

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

> for |l to n do

> for jtondo

Appendix D-1
Random Error Calculation

> 1fi=]then

> varcovarfi,j] = sqrt(var[i]*var[j])

Inlet Flue Gas Average CO, Concentration

> else

> varcovar[l,j]:=0

> fi

> od

> od;

> varcovar;

> end;
Warning, “varcovar® is implicitly declared local
Warning, ‘i is implicitly declared local
warning, '3° is implicitly declared local

make_array := '

proc(var,n)

local varcovar,i,J;
varcovar := array(l .. n,1 .. n);
for 1 ton do

c’)["



>Cb:=C-Cr;

> K3 := (Cb+12.01*5/32.07)/(12.01*(CO2([x] + CO[x]));

> K4 := 8.936'H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016°K4+K3°(288.08'CO2[x]+71.70*02[x]+50480.8))/(K4+1801.6"°K3)

> end;

warning, ‘Cr’ is implicitly declared local

Warning, °‘Cb’
wWarning, °‘X3°

is implicitly declared local
is implicitly declared local

Warning, "K4' is implicitly declared local
wWarning, ‘M° is implicitly declared local

M=

proc(x,A,OUHD,Ca,C,S8,C0,C02,H,Wna, 02,N, M)
local Cr,Cb,K3,Kd4,M;

cr
Cb
X3
Ké

1®» A*OQUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
1= C-Cx;

1m (Cb+.3744932959*S)/(12.01*CO2(x]+12.01*CO[x]);
im

936*H+Wma* (36.46063760* (100-CO[x])-CO2[x]~02([x])*K3I~-1.301236174*N)+Mf

]
M = (18.016*°K4+K3+%(288.08*C02([{x]+71.70%02[x]+50480.8 ))/(K4+1801.6*K3)

and

for j to n do
if i = j then varcovar([i,j) := sqrt(varfi)*var(j}l)
else varcovar([i,j] := 0
£i
od
od;
varcovar
end

#4

> MFG := proc(x,A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*"OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-O2[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
wWarning, “Cr' is implicitly declared local
Warning, “Cb° is implicitly declared local
Warning, “X3' is implicitly declared local
warning, "K4' is implicitly declared local
Warning, "MFG’ is implicitly declared local

MFG :=

proc(x,A,OUHD,Ca,C,S,C0,CO02,H,Wna,02,N,6 ML)

local Cr,Cb,K3,K4,MFG;
Cxr 3= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 :a (Cb+.3744932959*8)/(12.01*CO2(x]+12.01*CO([x]);
K4 =

8.936*H+Wma* (36.46063760*(100-CO([x]}-CO2[x]~-02([x]))*K3-1.301236174*?

;-
MFG := .05550621670*K4/(.05550621670*K4+100*K3)
end

#6

> M := proc(x,A,0UHD,Ca,C,S,C0,CO2,H,Wma,02,N,Mf)

> Cr := (A*OUHD"Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);




S CO2avei .= sum((DPI[IV(Tili]*M(i,A,OUHD,Ca,C,S,C0i,C0O2i,H,Wma,02i,N, M) *(1/
> 2)(1-MFG(i,A,OUHD,Ca,C,S,C0i,CO2|,H,Wma,02i,N,Mf))*CO2ii},i=1..ny/sum((DPi[i
> Y(Ti[i]*M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,M1)))*(1/2)*(1-MFG(,A,OUHD,C
> a,C,S,C01,C02i,H,Wma,02i,N,Mf)),I=1..n):

> sigmaCO2avel := sqrt(

> Diff(CO2avel,A)*2*varA +

> Diﬂ(CO2avel,OUHD)"2‘var0UHD +

> Difl{CO2avel,Ca)~2'varCa +

> Ditf(CO2avel,C)*2*varC +

> Dif{(CO2avel,S)*2"varS +

> Diff(CO2avei,H)*2*varH +

> Diff(CO2avel,Wma)*2*varWma +

> DIiff(CO2avel,N)*2*varN +

> Ditt(CO2avel,Mf)*2*varMt +

> sum(

> DIﬁ(COZaveI,DPl[l])'DIH(CO2avei,DPi[l])'varDPl[l,l] +

> Diff(CO2avel, Ti[i])* Diff(CO2avel, Ti[i])*varTi[Li] +

> Diff(CO2avel,COI[1))*Dif{(CO2avel,COI[i])varCOIfi,}] +

> Difi(CO2avel,CO2i[i]) Diff(CO2avel,CO2i[i])'varCO2i[L] +

> Diﬂ(cozavel,02i[i])‘Diﬁ(CO2avei,02i[l])'vaf02i[l,i]

> ,i=1..n)):

> sigmaCO2avel := value("):

Constants

Coal Feed Rate (Ibs/lir) re

> Wte := 115839,
Wfe:= 115839

> varWte := (0.0025'Wfe)*2;
varWfe ;= 83866.71200

Area (square ft) re

L Areal := 3.99;
Areai =399

L varAreal := (0.0335*Areai)*2;

varAreai :=.01786633223

> Areao := 3.54;
Areao :=3.54

'S varAreao := (0.0364*Areao)"2;
varAreao :=.01660386874

- ———



10t Coefficient re

P:= 0.84;
CP:= .84
irCP := 0°2;
varcp:=(
-essure Ambient or Barometric re
Si:= 29.23;
. PSi:=29.23

wrPSi := (0.04)~2;
varpPsi :=.0016

50:= 29.1;
PSo:=29.1

rPSo := (0.04)72;
varPsSo :=.0016

slocity Head DP re
= .45802;

v:=.45802

Po := array([seq(v,i=1..n)]);
DPo :=[.45802 45802 45802 .45802 .45802 .45802 .45802 .45802)
:=.00005%2;

u:=.25 ]0'8

ir := array([seq(u,i=1..n)]);
var .=
25 108 25 108 25 10

]

irtDPo := make_array(var,n);
varDPo .= varcovar

8 25108 25 108 25 108 25 108 25 108

1= .82831;
v:=.82831

>

:= array([seq(v,i=1..n)]);
Dpi=[.82831 .82831 .82831 .82831 .82831 .82831 .8283]1 .82831)
.0000542;

u:=25 1078

> var := array([seq(u,i=1..n)));
var :=[

25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 10

]

> varDPi := make_array(var,n);

-8

varDPi .= varcovar

Temperature (R) re
>Vv:i=713;

v:i=713

> To := array([seq(v,i=1..n}]);
To:=[713 713 713 713 713 713 713 713]
> u := (.005%(v-460))"2;

u ;= 1.600225

> var := array([seq(u,l=1..n)]);
var =
1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225
]

> varTo := make_array(var,n);

varTo := varcovar

> Vv :=1140;
v:= 1140

> Ti:= array([seq(v,i=1..n)]);
Ti:=[1140 1140 1140 1140 1140 1140 1140 1140]
> u := (.005°(v-460))~2;

u = 1 1.560000

> var := array([seq(u,i=1..n)});
var:=[11.560000 11.560000 11560000 11.560000 L560000  11.560000
11.560000 11.560000]

> varTi := make_array(var,n);
varTi = varcovar

Moisture in Ash re
> Mf :=0.06;

Mf = .06

e\



varM{ := ((0.2+0.12*Mf)/(2°1.414))"2;
varMf := 005368101168

Ash re

A:= 0.0619;
A:=.0619

varA := (( 0.07+40.02°A)/(2°1.414))*2;
varaA :=.0006345482144

Overhead re

OUHD := 0.9;
OUHD:=.9

varOUHD := (0.1°OUHD)*2;
varOUHD := .0081

Carbon re

C:=0.7381;
C:=.7381

varC := (0.64/(2*1.414))*2;
varcC :=.05121546706

Hydrogen re

H :=0.0482;
H:=.0482

varH := (0.16/(2°1.414))%2;
varH = .003200966692

Nitrogen re

N := 0.0135;
N:= 0135

varN := (0.11/(2*1.414))"2;
varN = .001512956913

Sulfur re

S :=0.0123;
S:=.0123

varS := ((0.06+0.035°S)/(2*1.414))"2;
vars := (004566185652

CO2 re

> v := 14.145;
v:=14.145

> CO2o0 := array([seq(v,i=1..n)]);

Co20:=[14.145 14.145 14,145 14.145 14.145 14.145 14.145

14,145}

> u:=(0.03*v)*2;
u :=.1800729225

> var := array([seq(u,i=1..n)});
var :=[.1800729225 .1800729225 .1800729225 1800729225
1800729225 .1800729225 .1800729225]

.1800729225

> varCO20 := make_array(var,n);
varCo2o := varcovar

> v:= 15.2148;
v:=152148

> CO2I := array([seq(v,I=1..n)]);
Cco2i:=[152148 152148 152148 152148 15.2148 15.2148

15.2148

15.2148)

> u:=(0.03*v)*2;
u :=.2083411251

> var := array([seq(u,i=1..n)});
var :=(.2083411251 2083411251 2083411251 .208341125]
2083411251 2083411251 .2083411251]

2083411251

> varCO2i := make_array(var,n);
varC021 := varcovar

02 re

> Vv:=5;
vi=S$

> 020 := array([seq(v,i=1..n)]);
O020:=|5 5 5 5 S 5 5 5]

> u:=(0.05)"2;
u :=.0025

> var := array({seq(u,i=1..n)]);
var:=[.0025 0025 .0025 .0025 .0025 .0025 .0025

0025]

> varO2o := make_array(var,n);
var02o := varcovar

> V:=3.8;
v:=3.8

h 01(4



02i := array([seq(v,i=1..n)]);
02i:=(38 38 38 38 38 38 38 38}

u := (0.05)*2;
v :=.0025

Carbon in Ash re

> Ca := 0.0486;
Ca :=.0486

var := array([seq(u,l=1..n)]);
var:=[.0025 .0025 .0025 .0025 .0025 .0025 0025

> varCa := (0.1*Ca)*2;
varcCa :=.0000236196

varO2i := make_array(var,n);
var021i := varcovar

Results

Moisture (air) re

Wma := 0.013;
wma :=.013

eval(O2aveo);

eval(sipmaO2aveo);

varWma := (.2*Wma)*2;

varma:=.616 107

eval(CO2aveo);

eval(sigmaCQO2aveo);

CO re

eval(COaveo);

v := 0.005;
v:=.005

eval(sipmaCOaveo);

COo := array([seq(v,I=1..n)]);

COo:=[.005 .005 .005 .005 .005 .005 .005 .005]

eval(O2avei);

eval(sipmaO2avei);

u:=(0.001)*2;

ui=.1 107

> eval(CO2avel);

15.21479999

vér := array([seq(u,i=1..n)]);

var=[1 10 1105 10 10 0% 110 110

> eval(sigmaCO2avei);

1613773238 fon i

varCOo := make_array(var,n);
varCoOo := varcovar

> eval(100*sigmaCO2avel/CO2avei);

1.060660172

v := 0.005;
v =005

eval(COavei);

eval(sigmaCOavei);

COI := array([seq(vi=1..n)});

coi:=[.005 .005 .005 .005 .005 .005 .005 .005]

x VY%, = o1l

u:=(0.001)2;
ui=.1 1073

var := array([seq(u,i=1..n)]);
var=[1 105 1105 1105 0% 003 a0

varCOi := make_array(var,n);
varCoi = varcovar




Random Error Propagation Calculations, Part A, CO2j

Set no. of sample points
n:i=12;
n:=12

procedure for creating variance-covariance matrix

make_array := proc(var,n)

varcovar := array(1..n,1..n);

foritondo

lor jtondo

ifi=]then

varcovar{l,}] := sqrt(var[i]*var(j})

else

varcovar[i,j] :=0

fi

od

od;

varcovar,

end;

Warning, "varcovar' is implicitly declared local

warning, "i° is implicitly declared local
warning, “3j° is implicitly declared local

make_array :=

proc(var,n)

local varcovar,i,3i;
varcovar :s array(l .. n,1 .. n);
for i to n do

end

for

od
od;

3§ to n do

if i = 3 then varcovar{i,3j) := sqrt(var(i)*var({j])
else varcovar(i,j) := 0

£i

varcovar

#4

> MFG := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A"OUHD"Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3y(1-Ca/3);

>Cbh:=C-

Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
Warning,
Warning,
Warning,
Warning,
Warning,

MFG :=

‘cx” is
‘cht is
“K3° is
‘Ke” is
‘MrGt 1

implicitly declared local
implicitly daclared local
implicitly declared local
implicitly declared local
8 implicitly declared local

proc(x,A,OUHD,Ca,C,8,C0,C02,H,Wmna,02,N,Mf)
local Cr,Cb,K3,Ké,MFG;
Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);

Cb :

= C-Cr;

K3 := (Cb+.3744932959*S)/(12.01*C0O2([x]+12.01*CO[x]);

Kd :

8.936*H+Wma* (36.46063760*(100-CO[x]-CO2({x])~-02{x])*K3-1.301236174*N)+M?L

1
MFG
end

1= ,0555

0621670*K4/(.05550621670*K4+100*K3)

#6

» M := proc(x,A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

" Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3y/(1-Ca/3);




>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02"(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016°K4+K3%(288.08*'CO2[x]+71.70°02[x]+50480.8))/(K4+1 801.6°K3)

> end;
warning, ‘Cr' is implicitly declared local
Warning, 'Cb’ is implicitly declared local
wWarning, "K3' is implicitly declared local
warning, ‘K4 is implicitly declared local
warning, "M’ 1is implicitly declared local

proc(x,.\,OUHD,Cn,C,s,CO,CoZ,ﬂ,m,OZ,N,Mt)
local Cr,Cb,K3,K4,M;
Cr i= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 := (Cb+.3744932959%8)/(12.01*C02({x])+12.01*CO[x]);
Kd :=
8.936'va'(36.46063760'(100-C0[x]-COZ[x]-OZ(xl)'K3—1.301236174'N)+M!
H
M := (18.016*K4+K3*(288.08*C02[x])+71.70*02([x]+50480.8 ))/(K4+1801.6*K3)
end

> CO2avei := sum((DPi[i}/(TI[I}*M(i,A,OUHD,Ca,C,S,CO0Il,C0O2l,H,Wma,021,N,Mf)))~(1/
> 2)*(1-MFG(i,A,OUHD,Ca,C,S,CO0Il,C02i,H,Wma,02i,N,Mf))*CO2i[i],i=1..n}/sum((DPI[i
> Y(Ti[l}*"M(i,A,OUHD,Ca,C,S,CO0i,C0O2i,H,Wma,02i,N,Mf)))*(1/2)*(1-MFG(l,A,OUHD,C
> a,C,S,C0i,C02i,H,Wma,02i,N,Mf)),I=1..n):

s e ee s wammey e

> sigmaCO2avel := sqrt(

> Dift(CO2avel,A)*2*varA +

> Ditf(CO2avel,OUHD)*2*varOUHD +

> Ditf(CO2avei,Ca)*2*varCa +

> Diff(CO2avel,C)*2*varC +

> Diff(CO2avei,S)*2*varS +

> Diff(CO2avel,H)*2*varH +

> Diff(CO2avel,Wma)*2*varWma +

> Diff(CO2avei,N)*2*varN +

> Ditf(CO2avel,Mf)*2*varMf +

> sum(

> Ditf(CO2avel,DPi[i])*Diff(CO2avei,DPi[i])*varDPi[i,i] +

> Diff(CO2avel, Ti[i])* Diff(CO2avei, Ti[i))*varTi[i,i] +

> Diff(CO2avel,COI[i])*Diff(CO2avel,COI[i])*varCOI[l,1] +

> Diftf(CO2avel,CO2i[i])*Diff(CO2avei,CO2i[i])*varCO2i[i,i] +

> DIff(CO2avel,02I[I])*Diff(CO2avel,02i[l])*varO2i[i,i]

> l=1..n)):

> sigmaCO2avel := value("):

Constants

Coal Feed Rate (Ibs/hr) re

> Wfe := 115839;
Wfe := 115839

. > varWfe := (0.0025*Wfe)"2;
]

variWfe := 83866.71200

Area (square ft) re
> Areal := 3.99;

Areai :=3.99

> varAreal := (0.0335*Areal)*2;
varAreai := 01786633223

> Areao := 3.54;
Areao:=3.54

> varAreao := (0.0364"Areao)"2;
varAreao = (1660386874




Pitot Coefficient re

> CP:=0.84;
cp:=.84
> varCP := 0°2;
varcp:=0
Pressure Ambient or Barometric re
> PSi := 29.23;
PS1i:=29.23

> varPSi := (0.04)~2;
varpPsi = 0016

> PSo :=29.1;
PSo:=29.1

> varPSo := (0.04)*2;
varPSo = .0016

Velocity Head DP re
> v :=.45802;

v:=.45802

> DPo := array([seq(v,i=1..n)]);
DPo:=[.45802 45802 .45802 .45802 .45802 .45802 .45802 .45802 .45802
45802 .45802 .45802])

> u:=.00005°2;

u:i=.25 1078

> var := array([seq(u,i=1..n)]);
var:=[.25 108 25 108 25 108 25 108 25 108 25 108 25 108
25 108 25 108 25 108 25 108 25 10°8]

> varDPo :a make_array(var,n);
varDPo = varcovar

> v :=.82831;
v:=.82831

> DPi := array([seq(v,i=1..n)]);
Dpi:=[.82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831

82831 .82831 .82831}
> U :=.00005°2;

u:=.2§ H)"‘I

> var := array([seq(u,i=1..n)]);
var=[25 108 25 108 25 108 25 108 25 108 25 108 25 w0
25 108 25 108 25 108 25 10 25 10°8]
> varDPi := make_array(var,n);

S

varDP1 ;= varcovar

|
i
i Temperature (R) re
>v:=713;

v:i=713

> To := array([seq(v,i=1..n)});
To:=[713 713 713 713 713 713 713 713 713 713 713 1713}

|> u = (.0054(v-460))72;
i u = 1.600225
> var := array([seq(u,i=1..n)));

var:=[1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225
! 1.600225 1.600225 1.600225 1.600225 1.600225]
> varTo := make_array(var,n);

varTo = varcovar

> v = 1140;
vi= 1140

> Ti:= array([seq(v,i=1..n)]);
Ti:=
[1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140,
> U := (.005%(v-460))*2;

u = 11.560000

> var := array([seq(u,i=1..n)]);
var = [1LS60000  1L560000 11560000 LES60O00  T1L.SO6MMKN) 1156000
11.560000 11.560000 11560000 11.560000 11.560000 11.560000]

> varTl := make_array(var,n);

varTi .= varcovar

Moisture in Ash re
> Mf :=0.06;

Mf = .06

> varMf := ((0.2+0.12*Mf*100)/(2°1.414*100))"2;
varM£ .= (0001058319613

391



Ash re

> A := 0.0619;
A:=.0619

> varA := (( 0.07+0.02°A*100)/(2*1.414°100))"2;

vara = 4696223261 1076

Overhead re

> OUHD := 0.9;

OUHD:= .9
> varOUHD := (0.1*OUHD)*2;
varOUHD :=.0081
Carbon re
> C:=0.7381;
: C:=.7381

> varC := (0.64/(2°1.414°100))~2;
varC:=.5121546706 107>

Hydrogen re

> H:=0.0482;
H:=.0482

> varH := (0.16/(2°1.414°100))"2;

varH = 3200966692 1076

Nitrogen re

> N :=0.0135;
N:=.0135

> varN = (0.11/(2°1.414°100))"2;
varn = 1512956913 100

Sulfur re

> $:=0.0123;
5:=.0123

> var$ := ((0.06+0.035'S100)/(2*1.414*100))"2;

vars:=.1327813813 1076

CO2 re

> v:=14.145;
v:.= 14.145

> CO20 := array([seq(v,i=1..n)]);
CO20:={14.145 14.145 14.145 14.145 14145 14145 145 14145 140
14.145 14.145 14.145}
> U :=(0.03'v)~2;

u =.1800729225

> var := array([seq(u,i=1..n)]);
var :=[.1800729225 .1800729225 .1800729225 .1800729225 .1800729225
1800729225 .1800729225 .1800729225 .1800729225 .1800729225 .180072y2
1800729225}
> varCO2o0 := make_array(var,n);
' varCO2o = varcovar

> v:= 15.2148;
v:=15.2148

i > CO2i := array([seq(v,I=1..n)]);

; Co2i:=[152148 152148 152148 152148 152148 152148 152148 1521
i 152148 152148 15.2148 15.2148]

> u:=(0.03'v)"*2;

u:=.2083-11251

> var := array([seq(u,i=1..n)]);
var :=[.2083411251 .2083411251 2083411251 2083411251 .2083411251
2083411251 2083411251 2083411251 2083411251 2083411251 20834112
.2083411251])
> varCO2i := make_array(var,n);
varCo21i := varcovar

i 02 re

>V:ab;
v:i=S$

> 020 := array([seq(v,i=1..n)});
020:={5§ § 5 S 5 55 5 5 5 5 5]

> u := (0.05)"2;
u = .0025

> var := array([seq(u,i=1..n)]);
var:=[.0025 0025 0025 0025 0025 .0025 .0025 .0025 0025 0023
0025 .0025]

o

o



> varO2o := make_array(var,n); Ccoi:=1.005 005 .005 .005 .005 005 005 005 005 005 005 '”,”,SJ

varO2o := varcovar > u:=(0.001)42;

>vi=38; > var := array([seq(u,i=1..n)]);

v:i=38 .
> 021 = array([seq(vi=T-mD:; var:=[110% 1105 1 10% a0 1105 a0 a0 g w”
02i:=[38 38 38 38 38 38 38 38 38 38 38 33 1105 10 0105 1 08]
> u:=(0.05)*2; |> varCOi := make_array(var,n);
u = .0025 i varCO1i .= varcovar
> var := array([seq(u,i=1..n)]);
var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 Carbon in Ash re
0025 .0025) ‘> Ca := 0.0486;

Ca :=.0486

> varO2i := make_array(var,n);

var02i := varcovar > varCa := (0.1*Ca)*2;

varCa :=.0000236196

_ Muoisture (air) re
> Wma := 0.013;
Wma :=.013 : Results
> varWma := (.2*Wma)*2; ) val(OZaveo):
varwma :=.676 107 eval(sigmaO2aveo);
CO re eval(CO2aveo);
> v := 0.005; ¢ __eval(sigmaCO2aveo);
V=005 al(COaveo);
> COo := array([seq(v,i=1..n)]); l zzgiisigmaco’avw);

COo:=[.005 .005 .005 .005 .005 .005 .005 .00S .005 .005 .005 .00S)
> u:=(0.001)~2;

11075 eval(O2avei); ,
u-=- I eval(sigmaQO2avei);
> var := array([seq(u,i=1..n)));
var:=[1 105 1105 1105 1 w05 010 010 1108 1108 > eval(CO2avel);
s 5 5 5 15.21479999
1010 110 .1 10 110 ] - n
> eval(sigmaCO2avei);
> varCOo := make_array(var,n); 1317640331 FoL p2e y ' hor o j026k”

varCoo := varcovar > eval(100°sigmaCOZavei/CO2avei);

> v := 0.005;

v:=.005 eval(COavei);
> €Oi := array([seq(v,I=1..n)]); eval(sigmaCOavei);

oLh



Appendix D-2
Random Error Calculation
Inlet Flue Gas Average CO Concentration

>

>

Random Error Propagation Calculations, Part A, COi

Set no. of sample points

>n:=8;
n:=8

procedure for creating variance-covariance matrix

> make_array := proc(var,n)
!

> varcovar := array(1..n,1..n);

> forjtondo

> foritondo

> ifi=]then

> varcovar|l,j] := sqrt(var[i}*var[j])

> else

> varcovar[i,j]:=0

> fi

> od

> od;

> varcovar;

> end;

Warning, ‘varcovar®' 1is implicitly declared local

warning, ‘3J° is implicitly declared local
Warning, "i° is implicitly declared local

make_array :w

proc(var,n)

local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do



>Cb:=C-Cr;

for i to n do
if { = j then varcovar{i,jl := sqrt(var[i]*var[jl)
else varcovar{i,j) := 0

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

£i
od > K4 := 8.936"H + Wma*((28.02*(1 OO-CO[X]-COZ[X]-OZ[X])'K3-N)IO.7685)+M1;
od;
varcovar > M :=(18.01 6'K4+K3'(288.08‘CO2[X]+71.70'02[x]+50480.8))/(K4+1 801.6°K3)
end
> end;
warning, ‘Cr’ is implicitly declared local
#e Warning, "Cb" is implicitly declared local
> MFG := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf) Warning, "K3' is implicitly declared local
warning, 'K&° is implicitly declared local
> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3); warning, "M is implicitly declared local
>Cb:=C-Cr; M=
A, .C lclslcolcozlulm'ozlulut)
> K3 := (Cb+12.01°5/32.07)/(12.01(CO2[x] + CO[x])); D e b Ko, KoM
Cr = A'OUHD'CQI(1-Ca)¢1/3'k‘(1-OUﬂD)'CA/(1-1/3'0&);
> K4 :=8.936'H + Wma'((28.02'(100-CO[X]-CO2[X]-02[X])'K3-N)I0.7685)+Mf; Cb := C-Cr;
K3 1= (Cbt.3744932959'3)/(12.01'C02[x)412.01‘C0[x]);
> MFG := (K4l18.016)/((K4I18.016)+100‘K3) K4 :=
8.936'&*“@&'(36.46063760'(100—C0[x]-COZ[x]-OZ(x])'K3-1.301235174'N
> end; }

warning, 'Cr’ is implicitly declared local M= (18.016‘K4+x3‘(288.08'C02[x]f71.70'02(x]+50480.8 ))/(Ké+1801.6

warning, ‘Cb' is implicitly declared local | end

warning, "K3 ' is implicictly declared local

Warning, ‘K4 is implicicly declared local > COavei := sum((DPI[IY(Ti[i]"M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,MN))* (1/2
Warning, 'MFG' is implicitly declared local > *(1-MFG(i,A,OUHD,Ca,C,S,COI,CO2i,H,Wma,02i,N,Mf))*COI[il,I=1..n)¥sum((DPI(il/(

> Ti[l]'M(I,A,OUHD,Ca.C,S,COI,CO2i,H,Wma,02I,N,Mf)))’*(1/2)'(1-MFG(I,A,0UHD,Ca.
1> C,S,C0i,C02i,H,Wma,02i,N,Mt)),i=1..n):
proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wna, 02,N, ML) ;
local Cr,Cb,K3,K4, MFG;

Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/ (1-1/3*Ca);

Cb := C-Cr;

K3 1= (Cb+.3744932959*S)/(12.01*C02[x]+12.01*CO([x]);

MFG :=

> sigmaCOavel := sqrt(

> Diftf(COavei,A)*2*varA +

K4 :=
8.936*H+Wma* (36.46063760*(100-CO[x]-CO2[%]~-02(x])*K3-1.301236174*N)+ML
; > Diff{(COavei,OUHD)*2*varOUHD +
MFG :m .05550621670*K4&/(.05550621670*K4+100*K3)
end > Diff(COavei,Ca)*2*varCa +
> Diff(COavei,C)*2*varC +
#6
> M := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf) > Diff(COavei,S)*2*varS +
> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3); > Diff(COavei,H)*2*varH +




> Diff(COavei,Wma)*2‘varWma +

> Ditt(COavel,N)*2*varN +

> Diff(COavel,Mf)*2*varMf +

> sum(

> Diﬂ(COaveI,DPl[l])'DIﬂ(COavel,DPl[i])'varDPI[I,I] +

> Dift(COavel,Tifi})*Diff(COavei,Ti{i})*varTi[i,i] +

> Diff(COavel,COI[i})*Ditf(COavel,COi[i])*varCOI[ii] +

> Diﬂ(COavel,COZI[i])‘Dlﬂ(COaveI,COZI[I])‘varCO2l[l.I] +

> Diff(COavel,02i[])*Ditf{(COavel,02i[l])*varO2i[i,i]

v

J=1..n)):

> sigmaCOavel := value("):

Constants

Coal Feed Rate (1bs/hr) re

> Wfe := 115839;
wfe := 115839

> varWie := (0.0025Wfe)~2;
varwfe := 83866.71200

Area (square ft) re

> Areal := 3.99;
Areai =399

> varAreal := (0.0335*Areai)*2;
varAreai = .01786633223

> Areao := 3.54;
Areao :=3.54

> varAreao := (0.0364*Areao)"2;
varAreao .= .01660386874

Pitot Coefficient re

> CP :=0.84;
cp:= .84
> varCP := 0°2;
varcp:=0
Pressure Ambient or Barometric re
> PSl := 29.23;
PSi:=29.23

'> varPSi := (0.04)*2;
varPsi :=.0016

> PSo:=29.1;
PSo:=29.1

> varPSo := (0.04)*2;
varpPSo := 0016

Velocity Head DP re

> v = .45802;
v:=.45802

> DPo := array([seq(v,I=1..n)]);
DPo :=[.45802 .45802 .45802 45802 .45802

45802

45802 .45802)

> u :=.00005"2;
u:=.25 10'8

> var := array([seq(u,i=1..n})]);

var =

25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 10

]

> varDPo := make_array(var,n);
varDPo = varcovar

> v :=.82831;
v:=.82831

> DPI := array([seq(v,i=1..n)));
DPi:=[.82831 .82831 .82831 .82831 8283l

.82831

.82831 .82831]

> u:=.00005°2;

I~
S
W



> var := array([seq(u,l=1..n)]);
var =

25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 10

]

> varDPi := make_array(var,n);

varDPi := varcovar

Temperature (R) re
>v:i=713;

v:i=713

> To := array([seq(v,I=1..n)]);
To:=[713 713 713 713 713 713 713 713}

> u:= (.005°(v-460))~2;

u = 1.600225

> var := array([seq(u,l=1..n)]);
var:=|
1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225
1

> varTo := make_array(var,n);

varTo = varcovar

> v := 1140;
v:= 1140

> Ti:= array([seq(v,i=1..n)]);
Ti:=[1140 1140 1140 1140 1140 1140 1140 1140]
> u:= (.005%(v-460))"2;

u = 11.560000

> var := array([seq(u,i=1..n)});
var:=[11.560000 11.560000 11.560000 11.560000 11.560000 11.560000
11.560000 11.560000]
> varTi := make_array(var,n);

varTi .= varcovar

Moisture in Ash re
> Mf :=0.06;

> varMf := ((0.2+0.12*M{*100)/(2*1.414°100))"2;
varMf := (0001058319613

Ash re
> A := 0.0619;

A:=.0619

> varA := (( 0.07+0.02°A*100)/(2*1.414*100))"2;

vara = 4696223261 1070

Overhead re

> OUHD := 0.9;
OUHD:= 9

> varOUHD := (0.1*OUHD)"2;
varOUHD := .0081

Carbon re

b C:=0.7381;
C:=.7381

> varC := (0.64/(2°1.414°100))"2;
varcC:=.5121546706 107

Hydrogen re

> H :=0.0482;
H:=.0482

> varH := (0.16/(2°1.414°100))%2;
! varH = 3200966692 106

Nitrogen re
> N :=0.0135;
N:=.0135
> varN := (0.11/(2*1.414*100))*2;
varN:=.1512956913 1076
Sulfur re
> $:=0.0123;

$:=.0123
> var$S := ((0.06+0.035°S*100)/(2*1.414"100))*2;

vars:=.1327813813 10°°

\’\



CO2 re

> v = 14.145;
: v:=14.145

> CO20 := array{[seq(v,i=1..n)]);

CO20:=[14.145 14.145 14.145 14.145 14.145 14.145

14.145 14.145]}

> U := (0.03*V)*2;
u :=.1800729225

> var := array([seq(u,l=1..n)});
var :=[.1800729225 .1800729225 .1800729225
1800729225 .1800729225 .1800729225)

1800729225

1800729225

> varCO2o := make_array(var,n);
varCO2o := varcovar

> Vv := 15.2148;
v:=15.2148

> CO2i := array([seq(v,l=1..n)));

co21i:=(152148 152148 15.2148 152148 152148 152148

15.2148

15.2148]

> u:=(0.03'v)*2;
u:=.2083411251

> var := array([seq(u,l=1..n)});
var = [.2083411251 2083411251 .2083411251
2083411251 2083411251 .2083411251)

2083411251

.2083411251

> varCO2I := make_array(var,n);
varCo021i .= varcovar

02 re

>v:i=5;
vi=S$

> 020 := array([seq(v,I=1..n)]);
020:=[S 5 5 5 5 5 5 5]

> u:= (0.05)42;
u :=.0025

> var := array([seq(u,i=1..n))]);
var:=[.0025 .0025 .0025

0025 .0025 .0025 .0025

0025)

> varO2o := make_array(var,n);
var02o .= varcovar

> v:=3.8;
v.=38

> 02 := array([seq(v,i=1..n)]);

02i:=(38 38 38 38 38 38 38 38}

> U := (0.05)42;

u :=.0025
> var := array([seq(u,i=1..n)});
var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .00253]
> varO2i := make_array(var,n);
var021i .= varcovar
Moisture (air) re
> Wma := 0.013;
]
' wma = .013
> varWma := (.2°Wma)*2;
‘ varima :=.676 l()'5
CO re
> v := 0.005;
i v :=.005
> COo := array([seq(v,i=1..n)]);
Coo:=[.005 .005 .005 .005 .00S .005 .005 .005}
> u:=(0.001)72;
ui=.1 107
> var := array([seq(u,i=1..n)));
var:=[110° 0105 11005 105 4105 0108 a0 0w
‘> varCOo := make_array(var,n);
varCoOo .= varcovar
> v := 0.005;
v:=.005
> COI := array([seq(v,i=1..n)});
coi:=[.005 .005 .005 .005 .005 .005 .005 .005])
> u:= (0.001)42;
ui=.1 107
> var := array([seq(u,i=1..n)});
var=[1 105 0105 1108 g 0% 0% 05 0w g
X
A



> varCOi := make_array(var,n);
varCoO1i .= varcovar

Carbon in Ash re

> Ca := 0.0486;
Ca :=.0486

> varCa := (0.1*Ca)*2;
varcCa :=.0000236196

Results

eval(O2aveo); N

eval(sipmaO2aveo);

eval(CO2aveo);

‘eval(sigmaCO2aveo);

eval{(COaveo);

eval(sipmaCQaveo);

eval(O2avei);

eval(sipmaO2avei);

eval(CO2avei);

eval(sipmaCO2avei);

> eval(COavei);
004999999996

> eval(sigmaCOavei);
0003535533905 Fon w:1s ¢ 3z aooozen

> eval(100‘sigmaCOavel/COavsl);
1.0710687810




Appendix D-3
Random Error Calculation
Inlet Flue Gas Average O, Concentration

Random Error Propagation Calcuiations, Part A, O2i

Set no. of sample points

> n:=8;
n:=8

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

> for Jton do

> foritondo

> ifi = j then

> varcovar[l]] := sqrt(var[i]*var(j})

> else

> varcovarfi,]] :=

> fi

> od

> od;

> varcovar;

> end;
warning, ‘varcovar' is implicitly declared local
warning, ‘3" is implicitly declared local
warning, "i' is implicitly declared local

nake_array :=

proc(var,n)

local varcovar,j.i;
varcovar := array(l .. n,1 .. n);
for j to n do

Luh



for 1 to n do
if 1 = § then varcovar(i,j] := sqrt(var(i]+*var(j])
else varcovar{i,j] := 0
£i
od
od;
varcovar
end

#4

> MFG := proc(x,A,0UHD,Ca,C,S,C0,CO2,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01*S/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;

warning, “Cr’ is implicitly declared local
Wwarning, 'Cb' is implicitly declared local
warning, ‘K3 is implicitly declared local
Warning, “K4' is implicitly declared local
Warning, “MFG' is implicitly declared local

MFG =

proc(x,A,OUHD,Ca,C,8,CO,CO2,H,Wna,02,N,Mf)
local Cr,Cb,K3,K4,MFG;
Cr i1m A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb 1= C-Cr;
K3 :m (Cb+.3744932959*8)/(12.01*C02([x]+12.01*CO[x]);
Ké :=
8.936*H+Wma*(36.46063760* (100-CO[x]-C02[x]-02[x])*K3-1.301236174*N)+Mf

’
MFG 1= .0%5%550621670*K4/(.05550621670*K4+100*K3)
end

#6

> M := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD"Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

?Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*({28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+M¢;

> M := (18.016°K4+K3*(288.08°C0O2[x]+71.70*02[x])+50480.8))/(K4+1801.6°K3)

> end;
Warning, “Cr' is implicitly declared local
warning, "Cb’ is implicitly declared local
warning, ‘K3 is implicitly declared local
Warning, "X4' is implicitly declared local
warning, "M’ is implicitly declared local

M :=

proc(x,A,OUHD,Ca,C,S,CO,CO2,H,Wna,02,N, Mf)

local Cr,Cb,K3,K4,M;

Cr 1= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);

Cb 3= C-Cr;

K3 := (Cb+.3744932959%8)/(12.01%C02([x]+12.01*CO[x]);

K4 3=
8.936H+Wma* (36.46063760*(100-CO[x]-CO2{x]-02(x])*K3-1.301236174*N)+!
H

M im (18.016*K4+K3*(288.08*CO2(%)+71.70%02()+50480.8 ))/(K4+1801.6*K

end

> O2avei := sum((DPIIJ(Ti[1]"M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02,N,M)))*(1/2)
> *(1-MFG(},A,OUHD,Ca,C,S,C0I,CO2i,H,Wma,02i,N,Mf))*02i[i},I=1..nYsum((DPI[i}(T
> I[i]*M(i,A,OUHD,Ca,C,S,CO},CO2I,H,Wma,021,N,Mf)))*(1/2)*(1-MFG(},A,0UHD,Ca,C,
> 5,C01,CO21,H,Wma,02],N,Mf)),I=1..n):

> sigmaO2avel := sqrt(

> Diff(O2avei,A)*2*varA +



Diff(O2avei,OUHD)*2*varOUHD +

Dift(O2avel,Ca)*2*varCa +

Ditf(O2aveli,C)*2*varC +

Diff(O2avei,S)*2*varS +

Ditf(O2avel,H)*2*varH +

Ditf(O2avei,Wma)*2*varWma +

Diff(O2avei,N)*2*varN +

Ditf(O2avel,Mf)A2*varMf +

sum(

Ditf(O2avel,DPI[i})*Ditf(O2avel,DPi[i])*varDPi[l,i] +

Ditf(O2avel,Ti[i])*Diff(O2avel,Ti[i])*varTi[i,i] +

Diff(O2avel,COIi{i})*Dift(O2avel,COIfi])*varCOI[l,I] +

>

Dift(O2avei,CO2i{i})*Ditf(O2avel,CO2i[l])*varCO2i{i,i] +

>

Diff(O2avei,02i[i])*Diff(O2avel,02I[i})*varO2i[l,i]

>

J=1.n)):

> sigmaO2avel := value("):

Constants

Coal Feed Rate (Ibs/hr) re

> Wte := 115839;
wfe = 115839

> varWfe := (0.0025°Wfe)"2;
varWfe := 83866.71200

Area (square ft) re

> Areai := 3.99;
Areai =399

> varAreal := (0.0335"Areai)"2;
varAreai :=.01786633223

> Areao := 3.54;
Areao :=3.54

> varAreao := (0.0364*Areao)”2;
varAreao := .01660386874




Pitot Coeflicient re

> CP :=0.84;
cp:=.84
> varCP := 0°2;
varCp:=0
Pressure Ambient or Barometric re
> PSi := 29.23;
PSi=29.23

> varPSi := (0.04)*2;
varpsSi :=.0016

> PSo:= 29.1:
PSo:=29.1

> varPSo := (0.04)*2;
varPSo = .0016

Velocity Head DP re

> v :=.45802;
v:=.45802

> DPo := array({seq(v,i=1..n)]);
DPo:=[.45802 .45802 .45802 .45802 .45802 .45802 .45802

.45802]

> u:=.00005~2;

u:=25 108
> var := array([seq(u,i=1..n)]);
var .=
25 108 25 108 25 108 25 108 25 108 25 10 25 108 25 1078
> varDPo := make_array(var,n);
varDPo .= varcovar
> v :=.82831;
v .=.82831
> DPI := array{[seq(v,i=1..n)]);
DpPi:=(.82831 .82831 .82831 .82831 .82831 82831 .82831 .82831]

> u:=.00005*2;

u:=.25 10

> var := array([seq(u,i=1..n)));
' var :=[

| 25 108 25 108 25 10

]

8 25108 25108 25 108 25 108

25 10

> varDPi := make_array(var,n);
varDP1i := varcovar

Temperature (R) re

>v:i=713;
v:i=713

> To := array([seq(v,i=1..n)]);
To:={713 713 713 713 713 713 713 713)

Ty (-005*(v-460))~2;

u = 1.600225
> var := array([seq(u,i=1..n)]);
var =
1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225
]
i

1.6002.

> varTo := make_array(var,n);

varTo = varcovar

|> v := 1140;
v:= 1140

> Ti:= array([seq(v,i=1..n)});
Ti:={1140 1140 1140 1140 1140 1140 1140 1140}

> u:=(.005%(v-460))~2;
u = 11.560000

} var := array([seq(u,l=1..n)]);

var:=[11.560000 11.560000 11.560000 11.560000 11.560000 [1.560000

11.560000  11.560000]

> varTl := make_array(var,n);
varTi ;= varcovar

Moisture in Ash re

> Mf :=0.06;
Mf = .06




> varMt := ((0.2+0.12°M{*100)/(2*1.414*100))*2;
varMf£ = .00001058319613

Ash re

> A:= 0.0619;
A:=.0619

> varA := (( 0.07+0.02*A*100)/(2"1.414"100))*2;

varA = .4696223261 107

Overhead re

> OUHD := 0.9;
OUHD :

i
=

> varOUHD := (0.1*OUHD)*2;
varOUHD := .0081

Carbon re

> C:=0.7381;
C:=.7381

> varC := (0.64/(2°1.414*100))"2;
varC:=.5121546706 105

Hydrogen re

> H :=0.0482;
H:=.0482

> varH := (0.16/(2'1.414°100))~2;
varH :=.3200066692 1070

Nitrogen re

> N :=0.0135;
N:=.0135

> varN := (0.11/(2°1.414°100))~2;
varN:=.1512956913 1076

Sulfur re

> $:=0.0123;
S:=.0123

> varS := ((0.06+0.035°S*100)/(2*1.414* 100))2;

vars =.1327813813 107

CO2 re
> v:= 14.145;

vi=14.145

> CO20 := array([seq(v,i=1..n)]);
CO20:=[14.145 14.145 14145 14145 14145 14,145 14.145 14.145]

> u:= (0.03'v)*2;

u = 1800729225

> var := array([seq(u,i=1..n)]);
var :=[.1800729225 1800729225 .1800729225 .1800729225 1800729225
1800729225 .1800729225 .1800729225]
> varCO2o0 := make_array(var,n);
varCo02o := varcovar

> v = 15.2148;
v:=15.2148

'> CO2i := array{[seq(v,i=1..n)});
Cco21i:={152148 152148 152148 152148 152148 152148 152148 15214

> u:=(0.03'v)*2;

u:=.2083411251

> var := array([seq(u,i=1..n)]);
var:=[.2083411251 2083411251 .2083411251 2083411251 2083411251
2083411251 2083411251  .2083411251)
,> varCO2| := make_array(var,n);
! varCo021 := varcovar

02 re
>v:=5;

v:i=S5

> 020 := array([seq(v,I=1..n)]);
020:=[5 5 5 5 5 5 5 5]

> u:= (0.05)*2;
u :=.0025

> var := array({seq(u,i=1..n)]);
var:=[.0025 0025 .0025 .0025 .0025 .0025 .0025 .0025]
> varO20 := make_array(var,n);
var02o .= varcovar

r
)
—



> v :=3.8;
v:i=38

> 02i := array({seq(v,I=1..n)]);
02i:=[38 38 38 38 38 38 38 3.8]

> u:= (0.05)*2;

u :=.0025
> var := array([seq(u,i=1..n)));
var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025)
> varO2i := make_array(var,n);
var021 = varcovar
Moisture (air) re
> Wma := 0.013;
Wma = .013
> varWma := (.2°'Wma)*2;
varhma = 676 1073
CO re
> v := 0.005;
v:=.005
> COo := array([seq(v,i=1..n)]);
Coo:=[.005 .005 .005 .005 .005 .005 .005 .00S5}

> U= (0.001)A2;

ui=.1 107

> var := array([seq(u,l=1..n)});

var:=[.1 10 110 1 10% 110 010 0105 105 1 105]

> varCOo := make_array(var,n);
varCoOo = varcovar

» ¥ := §.005;
v.=.005

> COI := array({seq(v,I=1..n)]);

COi:=[.005 005 .005 .005 005 .005 005 .005]
> u:= (0.001)72;
us=.1 107
> var := array([seq(u,i=1..n)]);
var=[1 105 1105 1105 1105 10 0 w05 a0 0 1075

> varCOi := make_array(var,n);

varCOl1 ;= varcovar

Carbon in Ash re

> Ca := 0.0486;

Ca = .0486

> varCa := (0.1*Ca)*2;

varcCa = (0236196

Results

eval(O2aveo);

eval(sipmaO2aveo);

eval(CO2aveo);

eval(siemaCO2aveo);

eval(COaveo);

eval(sigmaCOQaveo);

> eval(O2avei);

3.800000000

> eval(sigmaO2avei);

01767766953 For n:o ez«

> eval(100*sigmaO2avei/O2avei); zo0.enig
14652018297
eval(CO2avei);
eval(sigmaCQ2avei);
eval(COavel); - ——-————---—~
eval(sigmaCOavei);
>
=
o



Appendix E-1
Random Error Calculation

Outlet Flue Gas Average CO, Concentration

>

>
|

| Random Error Propagation Calculations, Part A, CO20

Set no. of sample points

>n:=8;

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

> for j to n do

> foritondo

> Ifi =] then

> varcovarli,j] := sqrt(varfi]*var[j])

> else

> varcovarfi,jj:=0

> fi

> od

> od;
|

> varcovar;

> end;
Warning, °‘varcovar' is implicitly declared local
Warning, '3 is implicitly declared local
Warning, ‘i° is implicitly declared local

make_array =

proc(var,n)

local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do

L



for i to n do
if i = j then varcovar(i,j] := sqrt(var([i]*var({j])
else varcovar{i,j) := 0
£i
od
od;
varcovar
end

#4
> MFG := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> k3 := (Cb+12.01*S/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x}-02[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100*K3)

> end;
warning, "Cr' is implicitly declared local
Warning, "Cb’ is implicitly declared local
Warning, 'K3' is implicitly declared local
warning, ‘K4' is implicitly declared local
warning, 'MFG' is implicitly declared local

MYG =

proc(x,A,OUHD,Ca,C,S,C0,CO02,H,Wna,02,N, ML)
local Cr,Cb,K3,Kd, MFG;
Cr = A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb 3= C-Crx;
K3 1= (Cb+.3744932959*%S)/(12.01*C02{x]+12.01*CO(x]);
K4 =
8.936*H+Wma* (36.46063760*(100-CO[x])-CO2{x])-02[x])*K3-1.301236174*N)+Mf
H
MFG := .05550621670*K4/(.05550621670*K4+100*K3)
end

#6
> M := proc{x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*"OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°S/32.07)/(12.01°(CO2([x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02"(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016"K4+K3*(288.08*CO2[x]+71.70*02[x]}+50480.8)}/(K4+1801.6°K3)

> end;

Warning, 'Cr' is implicitly declared local
Warning, 'Cb’ is implicitly declared local
warning, "X3° is implicitly declared local
Warning, ‘K4° is implicitly declared local
wWarning, "M’ is implicitly declared local

proc(x,A,0UHD,Ca,C,S,C0O,CO2,H,Wna,02,N, ML)
local Cr,Cb,K3,K4,M;
Cr :m A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 := (Cb+.3744932959*S)/(12.01*C02([x]+12.01*CO[x]);
Kd 3=
8.936*H+Wma*(36.46063760*(100-CO[x])-CO2([x])-02[x]})*K3-1.301236174"N

]
M im (18.016*K4+K3*(288.08*C0O2([x]+71.70*02([x]+50480.8 ))/(K4+1801.¢

end
R 24
> CO2aveo := sum((DPo[i)/(Tofi]*"M(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,Mf))
‘> A(1/2)*(1-MFG(i,A,0UHD,Ca,C,S,C00,C020,H,Wma,020,N,Mf))*CO20fil,i=1..n)/su
> m{(DPo[i}/(To[i]*M(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,Mf)))*(1/2)*(1-MFG.
> I,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,Mf)),i=1..n):

>

slgmaCO2aveo := sqrt(

>

Diftf(CO2aveo,A)*2"varA +

>

Ditf(CO2aveo,OUHD)*2*varOUHD +

Diff(CO2aveo,Ca)*2*varCa +

Diff(CO2aveo,C)*2*varC +

Diff(CO2aveo,S)*2"varS +



Diff(CO2aveo,H)*2*varH +

Diff(CO2aveo,Wma)*2‘varWma +

Diff(CO2aveo,N)~2*varN +

Dift(CO2aveo,Mf)*2"varMf +

sum(

Diff(CO2aveo,DPoli})*Diff(CO2aveo,DPo[i])*varDPo[i,i} +

Diff(CO2aveo,To[i])* Dift(CO2aveo,Tofi})*varTol[i,] +

Ditf(CO2aveo,COo[i})*Ditt(CO2aveo,CO0li])* varCOo[i,i] +

Ditf(CO2aveo,CO20[i])*Ditf(CO2aveo,CO20[i})*varCO20li,i] +

Dlﬂ(c02av.eo,020[I])‘Dlﬂ(CO2aveo,OZo[I])'varOZo[l,l]

i=1..n)):

sigmaCO2aveo := value("):

~onstants

Coal Feed Rate (Ibs/hr) re

Nie := 115839;
wfe:= 115839

varWfe := (0.0025*Wfe)*2;
variWfe := 83866.71200

Area (square fU) re

Areai := 3.99;
Areail ;=399

varAreai := (0.0335*Areai)*2;
varAreai :=.01786633223

Areao := 3.54;
Areao:=3.54

> varAreao := (0.0364*Areao)*2;
varAreao = 01660386874

Pitot CoefTicient re

> CP :=0.84;
cp:=.84
> varCP := 0°2;
varCp:=0
Pressure Ambient or Barometric re
> PSl := 29.23;
PS1:=29.23

> varPSi := (0.04)2;
varpsi :=.0016

> PSo0:=29.1;
PSo :=29.1

> varPSo := (0.04)~2;
varPSo :=.0016

Velocity Head DP re

> v :=.45802;
v:=.45802

> DPo := array([seq(v,i=1..n)]);
DPo :=[.45802 .45802 .45802 .45802 45802

45802

.45802

45802 ]

> u :=.0000542;

u=.25 1078
> var := array([seq(u,i=1..n)]);
var :=[
25 108 25 108 25 10% 25 108 25 10 25 10f 25 10® 25 0

]

> varDPo := make_array(var,n);
varDPo (= varcovar

> Vv :=.82831;
v:=.82831

> DPi := array([seq(v,i=1..n)]);
DPi:=|.82831 .82831 .82831 .82831 K283l

.82831

82831

.82831]

8
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:= .0000542;
u:=.25 1078

w := array([seq(u,i=1..n)]);

var .=
a5 108 25 108 25 108 25 10 25 108 25 108 25 108 25 1078

]

iDPi := make_array(var,n);

varDP1 := varcovar

:mperature (R) re
:=713;

v:=713

) := array([seq(v,i=1..n)]);
To:=[713 713 713 713 713 713 713 713}
:= (.005°(v-460))*2;

u := 1.600225
ir := array([seq(u,i=1..n)]);
var =
1.600225  1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225
|

awTo := make_array(var,n);
varTo .= varcovar

:= 1140;
v:=1140

= array([seq(v,i=1..n)});
Ti:=[1140 1140 1140 1140 1140 1140 1140 1140]
:= (.005*(v-460))~2;

u = LSOOM0

ar := array({seq(u,i=1..n)]);
var :=]11.560000 11.560000 11.560000 11.560000 11.560000 11.560000
11.560000 11.560000)

arTi := make_array(var,n);

varTi ;= varcovar

loisture in Ash re
If :=0.06;

Mf = .06

> varMf := ((0.2+0.12*Mf)/(2°1.414))"2;
varMf = (05368101168

Ash re
> A:= 0.0619;

A:=.0619

> varA := (( 0.07+0.02*A)/(2°1.414))*2;
varA :=.0006345482144

Overhead re
> OUHD := 0.9;

OUHD:=.9

> varOUHD := (0.1*OUHD)"2;
varOUHD := .0081

Carbon re
> C:=0.7381;

c:=.7381

> varC := (0.64/(2°1.414))*2;
varcC:=.05121546706

Hydrogen re
> H :=0.0482;

H:=.0482

> varH := (0.16/(2"1.414))"2;
varH := 003200966692

Nitrogen re
> N :=0.0135;

N:=.0135

> varN := (0.11/(2*1.414))"2;
varN:=.001512956913

Sulfur re
> $:=0.0123;

S:=.0123

> varS := ((0.06+0.035°S)/(2*1.414))~2;
vars = 0004566185652




(]

Tozre
v := 14.145;

v:=14.145

CO20 := array([seq(v,i=1..n)]);
C020:=[14.145 14.145 14.145 14.145 14.145 14.145 14,145 14.145]

u := (0.03°v)"2;

u:=.1800729225

var := array([seq(u,i=1..n)]);
var :=|.1800729225 1800729225 .1800729225 .1800729225 1800729225
1800729225 .1800729225 .1800729225)
varCO20 := make_array(var,n);
varCO2o := varcovar

v = 15.2148;
: v:=152148

CO2i := array([seq(v,i=1..n)]);
co2i:=152148 152148 15.2148 152148 152148 152148 15.2148 15.2148]

u := (0.03*v)*2;

u :=.2083411251

. var := array([seq(u,i=1..n)});
var :=[.2083411251 2083411251 2083411251 2083411251 .2083411251
2083411251 2083411251 .2083411251]
. varCO2I := make_array(var,n);
varC021i .= varcovar

vi=5

» 020 := array([seq{v,i=1..n)]);
020:=|5 5 5 5 5 5 5 5]

> u:= (0.05)*2;
u :=.0025

> var := array([seq(u,i=1..n)]);
var:=1.0025 .0025 0025 .0025 0025 .0025 .0025 .0025]

> varO2o := make_array(var,n);
var02o ;= varcovar

> v:=3.8;
v:=38

> 02i := array([seq(v,i=1..0)]);
02i:=(38 38 38 38 38 3.8 3.8 3.8]

> u:=(0.05)*2;
u:=.0025

> var := array([seq(u,i=1..n)]);
var:=[.0025 0025 .0025 .0025 0025 .0025 .0025 .0025)

> varO2i := make_array(var,n);

var021 := varcovar

Moisture (air) re
> Wma := 0.013;

wma :=.013

> varWma := (.2*Wma)*2;
variWma ;= .676 1073

CO re
> v := 0.005;

:=.005

> COo := array([seq(v,i=1..n)]);
Coo:=[.005 .005 .005 .005 005 005 005 .005]

> u:= (0.001)*2;

we=.1 107

> var := array([seq(u,i=1..n)])
var:=[.1 105 1 10° 110

> varCOo := make_array(var,n);
varCoOo ;= varcovar

S 0S40 1105 105 1 108]

> v := 0.005;
v =005

> COi := array([seq(v,i=1..n)]);
coi:=[.005 .005 .005 .005 005 005 005 .005}]

> u:= (0.001)*2;

wi=.1 107

> var := array([seq(u,i=1..n)]);
var=[1 105 1105 1108 0S 10 105 110 1 1005)

L5h



arCOi := make_array(var,n);
varCoOi .= varcovar

‘arbon in Ash re

>a := 0.0486;
Ca := .0486

arCa := (0.1°Ca)"2;
varcCa := .0000236196

.esults

val(CO2aveo);
14.14500000

val(sigmaCO2aveo);
1500303812 Fou Mery XVF, = .oqe

val(100*sigmaCO2avea/CO2aveo);
1.060660171




Appendix E-2
Random Error Calculation
Outlet Flue Gas Average CO Concentration

Random Error Propagation Calculations, Part A, COo

Set no. of sample points

>n:=8;
n=§

| procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

'> for jto n do

> foritondo

> ifl=]then

> varcovarli,j] := sqrt(varfi]*var{j])

> else

> varcovarfi,j] :=0

> fi

> od

> od;

|

> varcovar;

'> end;
warning, ‘varcovar®' is implicitly declared local
wWarning, '3 is implicitly declared local
Warning, ‘i’ is implicitly declared local

make_arxay :=

proc(var,n)

local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do

Lo



for 1 to n do >Cb:=C-Cr;
if i = j then varcovar(i,j] := sqrt(var[i)l*var(3jl)

eiu varcovar{i,j} := 0 > K3:= (Cb+12.01'S/32.07)/(12.01'(CO2[X] + CO[x]));
4
od od > K4 := 8.936"H + Wma'((28.02'(100-CO[X]-COZ[X]-O2[X])'K3-N)/0.7685)+Mf;
]
ond varcovar > M := (18.016°K4+K3*(288.08°CO2([x]+71.70*02[x]+50480.8))/(K4+1801.6°K3)
> end;
#4 Warning, "Cr’ is implicitly declared local
warning, Cb° is implicitly declared local
> MFG := proc(x.A,OUHD,Ca,C,S,CO,COZ,H,Wma,OZ,N,Mf) warning, "K3° is implicitly declared local
warning, "K4' is implicitly declared local
> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3); warning, "M’ is implicitly declared local
>Cb:=C-Cr; - M=

pzoc(x,L,OUHD,Cu,c,8,CO,C02,H,m,02,N,M£)
local Cr,Cb,K3,K4,M;
Cr im A*OUHD*Ca/{1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936'H +Wma'((28.02"(100-CO[x]-coz[x]-oz[x])'Ka-N)IO.7685)+Ml; b 1m C-Cr;
K3 3= (Cb+.3744932959* 12.01*C02 12.01* ;
> MEG = (KA/18.016)/((K4/18.016)+100°K3) ; R3 pm fope /¢ cozbxls cotxl)s
. ' 8.936*H+Wma* (36.46063760% (100-CO[x]-CO2[x]~02[x])*K3-1.301236174":
> end; F
warning, "Cr° is implicitly declared local M im (18.016*K4+K3+(288.08+C02[x]+71.70°02[x]+50480.8 ))/(Ké+1801.¢
Warning, 'Cb° is implicitly declared local ' end

Warning, ‘K3' is implicitly declared local
Warning, "K&' is implicitly declared local |

warning, ‘MFG" is implicitly declared local -
i> COaveo := sum((DPo[l}/(To[i]*M(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,Mf)))

uFG := > (1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,Mf))*COoli],i=1..n)sum(
> DPo[i}/(To[l]"M(i,A,0UHD,Ca,C,S,C00,C020,H,Wma,020,N,Mf)))*(1/2)*(1-MFG(i,A
proc (x,A,OUHD,Ca,C, S,C0,CO2, H, Wma, 02, N, ML) > OUHD,Ca,C,S,C00,C020,H,Wma,020,N,Mf)),i=1..n):

local Cr,Cb,K3,6Kd4, MFG;
Cr 3= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD) *Ca/(1-1/3*Ca);
Cb = C-Cr; 1
K3 = (Cb+.3764932959'8)/(12.01'C02[x1+12.01'c0[x]);
Kd =
9.936'va'(36.66063760'(100—c0[x]-c02[x]-02[x])'K3-1.301236174‘N)4M£

1
MFG = .05550621670']“/(.05550621670'K6+100'K3)

end
#6
>M:= pfoc(x,A,OUHD,Ca,C,S,CO.C02,H.Wma,02,N,Mf)
> Cr := (A*OUHD"Ca)/(1-Ca) + (A'(1-OUHD)‘Ca13)l(1-Ca13); p
Lo




> sigmaCOaveo := value("):

> sigmaCOaveo := sqri(

>

Dil1(COaveo,A)'Dlﬁ(COaveo,A)‘varA +

>

DIﬂ(COaveo,OUHD)'Diﬂ(COaveo,OUHD)'varOUHD +

DIﬂ(COaveo,Ca)'DIIt(COaveo,Ca)‘varCa +

Diff(COaveo,C)*Ditf(COaveo,C)'varC +

DIﬁ(COaveo.S)'Dlll(COaveo,S)'varS +

Dm(COaveo,H)'DII!(COaveo.H)'varH +

Dm(COaveo.Wma)'Dm(COaveo,Wma)‘vaera +

Diﬂ(COaveo,N)'Diﬂ(COaveo.N)"varN +

Dm(cOaveo,Mf)‘Dm(COaveo.M!)'vath +

sum(

Constants

Coal Feed Rate (lbs/hr) re

> Wie := 115839;
wfe := 115839

'S varWfe := (0.0025*Wfe)"2;
varWfe = 83866.71200

Area (square ft) re

> Areai := 3.99;
Areai:=3Y9

> varAreal := (0.0335*Areai)"2;
varAreai :=.01786633223

> Areao := 3.54;
Areao :=3.54

> varAreao := (0.0364*Areao)2;
varAreao .= .01660386874

Diﬂ(COaveo,DPo[l])‘DIff(COaveo,DPo[l])'varDPo[l,l] +

Diﬂ(COaveo,To[i])'Ditf(COaveo,To[I])‘varTo[I,I] +

Diﬂ(COaveo,COo[i])‘Diﬂ(COaveo,COo[l])‘varCOo[l,I] +

>

Dm(COaveo.CO2o[i])'DIﬂ(COaveo.CO2o[l])'varCO2o[l,l] +

>

Dm(COaveo,Ozo[l])'Diﬂ(COaveo.02o[l])'var02o[l,l]

>

J=1.n)):

Vo =



Pitot Coefficient re

> CP :=0.84;
CP:5 .84
> varCP := 0°2;
varcp:=0
Pressure Ambient or Barometric re
> PSi := 29.23;
PSi=29.23

> varPSi := (0.04)*2;
varpPsi:=.0016

> PSo := 29.1;
PSo0:=29.1

> varPSo := (0.04)*2;
varPSso :=.0016

Velocity Head DP re

> v :=.45802;
v:=.45802

> DPo := array([seq(v,I=1..n)]);

DPo :=[.45802 .45802 45802 .45802 .45802

45802 45802

.[45802]

> u:=.00005°2;
=25 1078

> var := array([seq(u,l=1..n)]);
var :=[

25 108 25 108 25 108 25 108 25 108

|

25 108 25 108

2510

> varDPo := make_array(var,n);
varDPo .= varcovar

> v :=.82831;
v:=.82831
> DPI := array([seq(v,l=1..n)]);
ppi:=[.82831 .82831 82831 8283l 82831 82831 .82831 .8283l])

> u:=.00005°2;

-8

u:i=.25 107

> var := array([seq(u,i=1..n)});

var .=
25 108 25 108 25 108 25 108 25 108 25 108 25 w0 250
]
I> varDPi := make_array(var,n);
' varDP1 = varcovar
Temperature (R) re
>v:=T713;
v:i=1713
> To := array([seq(v,i=1..n)]);
To:=[713 713 713 713 73 713 713 713}
> u:= (.005°(v-460))"2;
= 1.600225
i> var := array([seq(u,l=1..n)]);
var =
1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600).
]
> varTo := make_array(var,n);
varTo .= varcovar
> v := 1140;
vi= 1140
> Ti:= array([seq(v,i=1..n)]);
Ti:={1140 1140 1140 1140 1140 1140 1140 1140}
> u := (.005*(v-460))"2;
u = 11.560000
> var := array([seq(u,i=1..n)]); o o T
var :=[11.560000 11.560000 11.560000 11.560000 11.560000 11.560000
11.560000 11.560000]
> varTi := make_array(var,n);
varTi .= varcovar
Moisture in Ash re =
> Mf :=0.06;
Mf = .06
o



> varMf := ((0.2+0.12°M1*100)/(2°1.414°100))*2;
varMf£ = 00001058319613

Ash re

> A:= 0.0619;
A:=.0619

> varA := (( 0.07+0.02°A*100)/(2*1.414*100))°2;
vara = 4696223261 1070

Overhead re

> OUHD := 0.9;
OUHD = .9

> varOUHD := (0.1°*OUHD)*2;
varOUHD = .0081

Carbon re

> C:=0.7381;
C:=.7381

> varC := (0.64/(2*1.414*100))*2;

varcC:= 5121546706 107

Hydrogen re

> H:=0.0482;
H:=.0482

> varH := (0.16/(2*1.414*100))*2;
varH:= 3200966692 10°°

Nitrogen re

> N :=0.0135;
N:=.0135

> varN := (0.11/(2°1.414°100))"2;
varN:=.1512956913 1076

Sulfur re

> $:=0.0123;
S:=.0123

> varS := ((0.06+0.035°S*100)/(2*1.414*100))*2;
vars:=.1327813813 1078

¢ CO2 re

> v:= 14.145;
v:.=14.145

> CO2o0 := array([seq(v,I=1..n)]);

CO20:=[14.145 14.145 14.145 14.145 14145 14,145 14.145

14.145)

> u:=(0.03'v)*2;
u :=.1800729225

> var := array([seq(u,l=1..n)]);
var:=[.1800729225 1800729225 .1800729225 1800729225
(1800729225 1800729225 .1800729225)

1800729225

> varCO2o0 := make_array(var,n);
varCo02o .= varcovar

> Vv := 15.2148;
v:=15.2148

> CO2i := array([seq(v,i=1..n)]);
Cco2i:=[15.2148 152148 152148 152148 152148 15.2148

15.2148

> U :=(0.03v)*2;
u :=.2083411251

b var := array([seq(u,i=1..n)]);
var:=[.2083411251 .2083411251 .2083411251 .2083411251
2083411251 2083411251 2083411251}

2083411251

> varCO2i := make_array(var,n);
varCo21 = varcovar

02 re

>Vv:=5;
v.=S5S

> 020 := array([seq(v,}=1..n)]);
020:=[5 5 5 5 5 5 5 5]

> u:= (0.05)"2;
u :=.0025

> var := array([seq(u,i=1..n)]);
var:=[.0025 .0025 .0025 .0025 .0025 .0025 0025

.0025]

> varO20 := make_array(var,n);
varO2o = varcovar

¢ bl

15.214:



>v:=3.8;
v:=38

> 02l := array([seq(v,I=1..n)));
02i:=(3.8 38 38 38 38 38 38 3.8]

> u:= (0.05)42;
u = .0025

> var := array([seq(u,I=1..n)));

var:=[.0025 0025 .0025 .0025 .0025 .0025 .0025

.0025)

> varO2i := make_array(var,n);
var021 := varcovar

Moisture (air) re

> Wma := 0.013;
wma :=.013

> varWma := (.-2*'Wma)*2;

varima :=.676 lO'5

CO re
> v := 0.005;
v:=.005
> COo := array([seq(v,i=1..n)]);
COoo:=[.005 .005 .005 .005 .005 .005 .005 .005]

> u:= (0.001)*2;

ui=.1 107

> var := array([seq(u,l=1..n)]);

var=[1 105 110 1105 1105 4105 10 10 10-5]
> varCOo := make_array(var,n);
varCoOo ;= varcovar
» v 1= 0.008;
v =005
> COI := array([seq(v,i=1..n)]);
coi:={.005 .005 .005 .005 .005 .005 .005 .005]
> u:=(0.001)2;
ui=.1 107
> var := array([seq(u,i=1..n)});
var=[1 105 1107 0% a0 0% 0 1 105]

> varCOi := make_array(var,n);
varCO1 .= varcovar

Carbon in Ash re

> Ca := 0.0486;
Ca :=.0486

> varCa := (0.1°Ca)*2;
varCa :=.0000236196

Results

eval(O2aveo);

eval(sigmaO2aveo);

eval(CO2aveo);

eval(sigmaCO2aveo);

> eval(COaveo);

.005000000001

> eval(sigmaCQaveo);

0003535533905 For 1=u ,‘\[_;: .

. coowoM

> eval(100*sigmaCOaveo/COaveo);
7.071067809

eval(O2avei);

eval(sigmaQ2avei);

eval(CO2avei);

eval(sigmaCO2avei);

eval(COavel);

eval(sigmaCOavei);




Random Error Propagation Calculations, Part A, 020

Set no. of sample points

>n:=8;
| n:=8

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

|> for j to n do

> foritondo

Appendix E-3

- iti=
Random Error Calculation >if1=]then

> varcovar[i,J] := sqrt(var[i]*var[j])

Outlet Flue Gas Average O, Concentration

> else

> varcovar[l,j]:=0

> fl

> od

> od;

i> varcovar;

> end;
warning, ‘varcovar' is implicitly declared local
Warning, "3 is implicitly declared local
warning, "i° is implicitly declared local

nake_array :=

proc(var,n)

local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do

H
Uy



for i to n do
if i = j then varcovar{i,j] := sqgrt (var[i]l*var(]i])
else varcovarfi,j] (= 0
£
od
od;
varcovar
end

#4
> MFG := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mt)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)'Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mt;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
warning, ‘Cr’ is implicitly declared local
Warning, ‘Cb° is implicitly declared local
warning, "K3' is implicitly declared local
Warning, "K4' is implicitly declared local
Warning, ‘MFG' is implicitly declared local

WFG =

proc(x,A,OUHD,Cn,c,s,CO,COZ,H,HnA.OZ,u,Hl)

local Cr,Cb,K3, K4, MFG;
Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 := (Cb+.3744932959+%3)/(12.01*C02([x])+12.01*CO[x]),

K4 :=
8.936'wana'(36.46063760'(loo-coixl-coztx]-OZ[x])'K3—1.301236174'N)+M!

]
MFG 1= .05550621670*K&/(.05550621670*Kd+100*K3)
end

#6
>M:= proc(x,A,OUHD,Ca.C,S,CO,Coz,H,Wma,O2,N,MI)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

l> Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01°(CO2[x] + CO[x)));

> K4 = 8.936°H + Wma*((26.02"(100-CO[x]-C0O2[x]}-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016°K4+K3%(288.08*CO2[x)+71.70°02[x]+50480.8))/(K4+1 801.6*K3)

> end;
warning, 'Cr' is implicitly declared local
wWarning, 'Cb’ is implicitly declared local
warning, 'K3' is implicitly declared local
wWarning, "K4' is implicitly declared local
warning, "M’ is implicitly declared local

M o=

pxoc(x,A,OUHD,CA,C,S,CO,COZ,H,Wna,O2,N,Mt)

local Cr,Cb,K3,K4,M;
Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb = C-Cr;
K3 s= (Cb+.3744932959*S)/(12.01*%C0O2(x}+12.01*CO[x]);
Ké 1=

H

end

8.936*H+Wma* (36.46063760*(100-CO[x]-CO2[x]-02(x])*K3-1.301236174*N

M :m (18.016*Ké+K3*(288.08%CO2[x)+71.70*02(x])+50480.8 ))/(Ké+1801.6

#5

'> 1)))*(1/2)*(1-MFG(1,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,M1))*020[i}I=1..n);

O2aveonum:= DPol (8936000000 H+ %17 + Mf + 1801.600000 77;7212—6-)/('1‘0‘

160.9909760 H+ 18.01600000 %17 + 18.01600000 Mf

112
%2 (288.0800000 C02°1 +71.70000000 020l + 5()480.80000) DJ
+ l.-

%16

8.936000000 H+ %17 + Mf

> O2aveonum := sum{(DPo[i}/(To[i]*M(l,A,OUHD,Ca,C,S5,C00,C020,H,Wma,020,N,A

05550621670 )
4960035524 H+ 05550621670 %17 +.05550621670 Mf+ 100. ——

Dol

N9



%2
20 +| DPo_ | 8936000000 H+ %15+ ME + 1801.600000 — To
1 2 %14 2

160.9909760 H+ 18.01600000 %15 + 18.01600000 Mf

+

172

Y02 (288.0800000 00202 + 71.70000000 O.?o2 + 50480.80000)

1.~
%14

¢
05550621670 8.936000000 H+ %15 + Mf

4960035524 H+ 05550621670 %15 +.05550621670 M£ + 100. %124—

%2
0202+(DP°3 (8‘936000000 HE %13 ME+ 1801600000 %12)/ (T"B (

160.9909760 H+ 18.01600000 %13 + 18.01600000 Mf

+

172

%2 (288.0800()00 Co2o3 + 71.70000000 O.’:‘o3 + 50480‘8000()) ]D

1. -
P12

05550621670 8.936000000 H+ %13 + Mf

4960035524 H+ 05550621670 %13 +.05550621670 Mf£+ 100. %27

%2
O20_ + .936 . r— T
o3 (DPO4 (8 36000000 H+ %11+ MEf+ 1801.600000 %10 )/( 04 [

160.9909760 H+ 18.01600000 %11 + 18.01600000 Mf

+

12
%2 (288.0800000 €020, +71.70000000 0204+50480.800(X))
%10 b=

05550621670 8.936000000 H+ %1l + Mf

4960035524 H+ 05550621670 %11 + 05550621670 M£ + 100. ———-flzo
(4

%2
020 +| DPo 8.936000000 H+ %Y + Mf + 1801.600000 / To
K} 5 %8 5

160.9909760 H+ 18.01600000 %9 + 18.01600000 Mf

. 12
%2 (288.08()()()()() C0205 + 7170000000 0205 + 5048()8()(}00)
’ + |
! %8

936000000 H+ %9 + ME
- 05550621670 89 TROY

[
()

4960035524 H+ 05550621670 %9 + .05550621670 Mf£+ 100.

=~
g

%2
Y . X — T
0205+[DP06 (8 936000000 H+ %7 + HE + 1801600000 = )/[ o (

160.9909760 H+ 18.01600000 %7 + 18.01600000 Mf

+

172
%2 (288.0800000 COZo6 + 71.70000000 0206 + 50480.80()00) ]
|

%6

936( Mf
— 05550621670 8936000000 H+ %7+

Y%
4960035524 H+ 05550621670 %7 + 05550621670 M£ + 100, ‘/“

%2
O2o6+[DPo7 (8.936000000 H+ %5 + Mf + 1801.600000 %4 )/\’I‘o7 [

| 160.9909760 H+ 18.01600000 %S5 + 18.01600000 Mf
i

+

Yod

172
%02 (288.0800000 C0207 + 71.70000000 0207 + 50480.80000) JJ

936000000 "
— 05550621670 8.93 Ht %3 + ME

%2
4960035524 H+ 05550621670 %5 + 05550621670 Mf + 100. 71

u.n
O2O7+(DP08 (8.936000000 H+ %3 + Mf + 1801.600000 ;’I J/(’I‘og (
0

160.9909760 H+ 18.01600000 %3 + 18.01600000 Mf

+

12
%2 (288.08()()()()() con8 + 71.70000000 0208 + 50480.80()00) JJ]
!
%1

~



8.936000000 H+ %3 + Mf

- 05550621670
020

%1 := 12.01000000 C0208+ 12.01000000 COo

Jo2
4960035524 H + 05550621670 %3 + 05550621670 M£ + 100. —;./f-l—
(

8
A OUHD Ca A (l.— 1. OUHD) Ca
1:=C-1, —— -.333333333 +.3744932959 S
% c-1 l1.-1. ca 33333333 1.-.3333333333 Ca
%3 =
(100.—1. COoS—l. c0208-l. 0208) %2
wma | 36.46063760 %1 ~-1.301236174 N
%4 = 12.01000000 COZo7+ 12.01000000 COo7
%S =
(IOO.—I. 0007—1. 00207-1. 0207) %2
wma | 36.46063760 %4 -1.301236174 N
%6 := 12.01000000 C0206+ 12.01000000 Cch6
%7 =
(100.—1. c006—1. cozo6-|. 0206) %2
wma | 36.46063760 -1.301236174 N
%6
%8 := 12.01000000 CO2oS+ 12.01000000 COO5
%Y =
(100.—1. COOS—I. cozos—l. 0205) %2
wma | 36.46063760 s -1.301236174 N
%10 := 12.01000000 cozo4+ 12.01000000 0004
@l =
-— - -— 2 (V]
(100. 1. COo4 1. cozo4 1. 0_04) %2

4606
wma (36 3760 w10

- 1.301236174 N]

%12 = 12.01000000 CO203 + 1201000000 COo

3
%13 =
(100.— 1. COo3— 1. cozo3— 1. 0203) 92
wma | 36.46063760 - 1301236174 &
%12
%14 := 12.01000000 Co2o2 + 12.01000000 COo2
P15 =
(100.— 1. C‘OOZ—- 1. C0202— 1. 0202) %2
wma | 36.46063760 -1.301236174 ¢
%14
%16 := 12.01000000 COZol + 12.01000000 COol
%17 =
(l()().-l. COoI——I. COZo‘—l. 020 ) %2
wma | 36.46063760 P T3 - 1.301236174 :
0

> O2aveoden := sum((DPo[I]l(To[i]'M(l,A,OUHD,Ca,C,S,COo,Cozo,H,Wma,02o,N,r
> )))"(1l2)'(1-MFG(I,A,OUHD,Ca.C,S,COo.COZo.H,Wma,Ozo,N,Ml)),l=1 .n):

> O2aveo := 02aveonum/O2aveoden:

Qavei :=

sum((DPi[i]/(Ti[i]‘l\rl(i,A,OUllD,Ca,C,S,COi,COZi,H,Wum,OZi,N,l\lf)))“( 172)*(1-MTF Gy
A,OUHD,Ca,C,S,COi,COZi,H,Wma,OZi,N.Mf))‘OZi[i],i:l..n)/sum((DPi(i]/(Ti[i]‘hl(i,A.
UHD,Ca,C,S,C0i,C0O2i,H,Wma,02i,N,MN)"( 172)*(1-MFG(i,A,O0UHD,Ca,C,$,C0i,CO
H,Wma,02i,N,Mf)},i=1..n):

#1

CO2aveo :=
sum((DPo[iV('l‘o[i]‘M(i,A,OUlll),Ca,C,S,COu,COZo,H,Wma,OZo,N,i\dl’)))"(l/.’.)‘(l-Mt
(i,A,OUHD,Ca,C,S,COo,C020,H,Wma,OZo,N,Mf))‘COZo[i],i= 1..n)/sum((DPo{i}/(Tofi]
M(i,A,OUHD,Ca,C,S,COo,COZo,H,Wma,OZo,N,Mr)))"(llZ)‘(l-MFG(i,A,OUHD,Cn,(".
C00,C0O20,H,Wma,020,N,MM),i=1..n):

CO2avei :=

sum((DPi[i]/(Ti[i]"M(i,A,OUlH),Ca,C,S,COi,COZi,H,Wma,OZi,N.l\rlf)))"( 12)*(1-MFG.
A,OUHD,Ca,C,S.COi,COZi,H.Wma,OZi,N,Mf))"COli[i1,i=l..n)/sum((DPi[i]/(Ti(i]‘M(i.
OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,MN)A(1/2)*( 1-MFG(i,A,OULID,Ca,C,S.COi.t

\\’\



Ji=1..n)):

sigma02aveo := value("):

sigmaO02aveo := sqri(

Dift(O2aveo,A)*2*varA +

Diff(02aveo,0UHD)*2*varOUHD +

Dift(O2aveo,Ca)*2'varCa +

Diff(02aveo,C)*2'varC +

Dift(O2aveo,S)*2"varS +

Ditf(O2aveo,H)*2*varH +

Dift(02aveo,Wma)*2*varWma +

Ditf(O2aveo,N)*2*varN +

Ditf(O2aveo,Mf)*2*varMf +

sum(

Diff{O2aveo,DPoli])Diff(O2aveo,DPo[i])*varDPo[i,i] +

>

Diﬂ(OZaveo,To[i])'Dm(02aveo,To[I])‘varTo[l,l] +

>

Dill(02aveo.COo[l])‘DIt1(02aveo.COo[i])‘varCOo[l,l] +

>

>

Dlﬁ(02aveo,0020[i])‘Dlﬂ(O2aveo,0020[l])‘varCO2o[l,l] +

"D]ll(02aveo,02o[l])‘DIll(O2aveo,O2o[I])'var020[I,I]

Constants

!

| Coal Feed Rate (Ibs/hr) re

> Wfe := 115839;
wfe := 115839

IS Varwte := (0.0025'Wle)"2;
varWfe := 83866.71200

Area (square ft) re

> Areal := 3.99;
Areai =399

> varAreal := (0.0335%Areai)"2;
varAreai :=.01786633223

> Areao := 3.54;
Areao:=3.54

> varAreao := (0.0364*Areao)"2;
varAreao :=.01660386874

Pitot Coefficient re

> CP:=0.84;
cp:=.84

> varCP := 0°2;

varCp:=0

v



Pressure Ambient or Barometric_re

> PSi := 29.23;
psi=29.23

> varPSi := (0.04)*2;
varPsi :=.0016

> PSo:=29.1;
PSo:=29.1

> varPSo := (0.04)2;
varPso = .0016

Velocity Head DP re

> Vv i= .45802;
v = 45802

> DPo := array([seq(v,i=1..n)]);
DPo :=[.45802 45802 45802 45802 .45802

> u :=.00005*2;

ui=.25 1078

> var := array([seq(u,l=1..n)]);
val :=[
45 108 25 108 25 108 25 108 25 10

]

-8

25 108 25 108 25 108

> varDPo := make_array(var,n);
varDPo .= varcovar

> v := .82831;
v = .82831

> DPI := array([seq(v,]=1..n)]);
ppi :=[.82831 82831 82831 .82831 82831

> U := .0000542;

ui=.25 1078

> var := array([seq(u,i=1..n)]);

VL W=

45 108 a5 108 25 108 25 10° 25 1078

i

> varDPl 1= make_array(var,n);

varDPi ;= varcovar

Temperature (R) re

>v:=713;
vi=713

> To := array([seq(v.I=1..n)]);
To:=(713 713 713 713 713 713 713 713}

> u := (0.005°(v-460))"2;

u = 1.600225
> var := array([seq(u,i=1..n)]);
var:=|
} 1.600225 1.600225 1.600225 1.600225  1.600225 1.600225 1.600225
| )

i> varTo := make_array(var,n);
varTo .= varcovar

> v := 1140;

v:= 1140

ST array([seq(v.i=1..n)]);
Ti:=[1140 1140 1140 1140 1140 1140 1140 1140)

> U := (0.005%(v-460))"2;
u = 11.560000

S var := array([seq(u,i=1..n)});

var :={11.560000 11.560000 11.560000 11.560000 11.560000 11.560000

11.560000 11.560000]

> varTl := make_array(var,n);
varTi .= varcovar

Moisture in Ash re

> Mt :=0.06;
ME:=.06

> varMf := ((0.2+0.12‘M1‘100)/(2'1.414'1 00))72;
varMf£ = .00001058319613

Ash re

> A:= 0.0619;
A= 0619

> varh := ({ 0.07+0.02°A*100)/(2*1.414*100))"2;



varA = .4696223261 10

-6

Overhead re

> OUHD := 0.9;

]
]

OUHD :

> varOUHD := (0.1*OUHD)"2;
varOUHD := .0081

Carbon re

> C:=0.7381;
C:=.7381

> varC := (0.64/(2°1.414°100))72;
varC:= 5121546706 10™

Hydrogen re

> H := 0.0482;
H:=.0482

> varH := (0.16/(2°1.414°100))"2;
varH:= 3200966692 107

Nitrogen re

> N :=0.0135;
N:=.0135

> varN == (0.11/(2*1.414*100))°2;
varN:=.1512956913 10°©

Sulfur re
> $:=0.0123;
S:=.0123
> varS := ((0.06+0.035°S*100)/(2*1.414°100))"2;
vars:=.1327813813 106
CO2 re
> v := 14.145;

v:=14.145

> CO2o0 := array([seq(v,i=1..n)]);
CO20:=|14.145 14,145 14145 14.145 14.145

> u:=(0.03'v)*2;

u:=.1800729225

> var = array([seq(u,l=1..n)]);
I
| .1800729225 (1800729225 1800729225

var :=[.1800729225 1800729225 .1800729225 1800729225

> varCO2o0 := make_array(var,n);
varCo2o = varcovar

> v := 15.2148;
v:=152148

> CO2i := array([seq(v,i=1..n)]);

Cco2i:={15.2148 152148 15.2148 152148 152148 152148

> u:=(0.03'v)"2;
u :=.2083411251

> var := array([seq(u,i=1..n)]);

2083411251 2083411251 2083411251

var :=[.2083411251 2083411251 .2083411251 .2083411251

> varCO2l := make_array(var,n);
varC021i .= varcovar

02 re

> V:=5;
v:i=S$

> 020 := array([seq(v,i=1..n)]);
020:=f5 5 5 S 5 5 5 5]

> u:=(0.05)"2;
u:=.0025

> var := array([seq(u,i=1..n)]);
: var:=[.0025 .0025 .0025 .0025 .0025 .0025

> varO2o := make_array(var,n);
var02o = varcovar

i
'>v:=3.8;
i v:=38

> O2i := array([seq(v,i=1..n)]);
02i:=(38 38 38 38 38 38 38

> U := (0.05)~2;
u:=.0025

> var := array([seq(u,i=1..n)});

\GS



var:=[.0025 0025 .0025 0025 .0025 .0025 .0025 .0025]} varCa = .0XX)236196
> var02i := make_array(var,n);

var021i := varcovar

Results

Moisture (air) re
> Wma :=0.013;

> eval(02aveo);

wna = 013 5.000000001
> varWma 1= (2°'Wma)*2; > eval(sigmaO2aveo); [T VY §
' i 01767766953 .onwpwx\VE - ponu-
varpma = 676 10 > eval(100*sigma0O2avec/O2aveo);
3535533905
CO re

> v:=0.005; [ eval(CO2aveo);
v:=.005 PPN ~ea

> COo := array([seq(v,i=1..n)});
COo:=[.005 .005 .005 .005 .005 .005 .005 .005]

> u:=(0.001)*2;

u=.1 107

> var := array([seq(u,i=1..n)));
var=[.1 105 1105 1105 110 10 010 a0 10°%]
> varCOo := make_array(var,n);
varcCoOo = varcovar

> v := 0.005; !
v:=.005 :

> COi := array([seq(v,i=1..n)]);
coi:=[.005 005 .005 .005 .005 .005 .005 .005]
> u:= (0.001)*2; X
ui=.1 107

> var := array([seq(u,i=1..n)]);

var:=[1 107 1108 010 10 a0 a0’ a0’ 0 10°%]
> varCOi := make_array(var,n); ;
varCoO1i := varcovar

-5 -5

Carbon in Ash re
> Ca :=0.0486;

Ca :=.0486
> varCa := (0.1*Ca)*2; |




Error Propagation Calculations, Part B, TFluegasINa

Set no. of sample points

>Nni=2;
n:=2

. procedure for creating variance-covariance matrix

Fmake_array := proc(var,n)

> varcovar := array(1..n,1..n);

> for jton do

Appendix F-l > for | to ndo

Bias Error Calculation > varcovar(l,j] := sqri(var[i]*var[i})
Flue Gas Inlet Flow >od
> od;

> varcovar,;

> end;

‘ Warning, ‘varcovar® is implicitly declared local
warning, ‘3  is implicitly declared local
Warning, "1 is implicitly declared local

make_array :=

proc(var,n)
local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do
for i to n do varcovar[i,j] := sqgrt(var([i]*var(j]) od
od;
varcovar
end

#4

> MFG := proc(x.A,OUHD,Ca,C.S,C0,002.H,Wma,02.N.Ml)
%
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> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936'H + Wma'*((28.02"(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
Warning, “Cr’ is implicitly declared local
Warning, Cb° is implicitly declared local
Warning, "K3' is implicitly declared local
wWarning, ‘K4 ' is implicitly declared local
Warning, "MFG' is implicitly declared local

MFG :m

proc(x,A,OUHD,Ca,C,8,C0,C02,H,Wna,02,N, ML)

local Cr,Cb,K3,6K4,MFG;
Cr i= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cry
K3 :a= (Cb+.3744932959*S)/(12.01*C02([x]+12.01*CO[x]);
Kd 1=

8.936*H+Wma* (36.46063760*(100-CO[x]-CO2([x]-02{x])*K3~1.301236174*N)+Nf

MFG := .05550621670*K4/(.05550621670*K4+100*K3)
wnd

warning, "K& ' is implicitly declared local
warning, 'M° is implicitly declared local

proc(x,A,OUHD,Ca,C,S,CO,C02,H,Wna,02,N, ML)
local Cr,Cb,K3,K4,M;
Cr := A®OUHD*Ca/(1-Ca)+1/3*A*(1-0OUHD)*Ca/(1-1/3*Ca),
Cb := C-Cr;
K3 1= (Cb+.3744932959*8)/(12.01*C02[x])+12.01*CO(x]);
Ké :=
8.936*H+Wma* (36.46063760*(100~CO[x]~CO02([x])-02[x])*K3-1.301236174*N

J
M ;= (18.016*K4+K3*(288.08%C02[x]}+71.70*02(x]+50480.8 ))/(K4+1801.6
end

#13

> m := (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);

_ 2897 wma+28.97
~ 1.608015098 wma + 1

#14
> PAFA := 14088.2*apa*CP*sqri(PSpa*m)*sum((DPpali}/Tpa[i])*(1/2),i=1..n);
DPpa DPpa
. PSpa (28.97 wma+28.97) I 2
PAFA :=14088.2 apa CP j | 608015098 et 1 Tpal + Toa,

#6

> M := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(i-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-C O[x]-CO2[x]-02[x])"K3-N)/0.7685)+Mf;

> M = (18.016"K4+K3*(288.08°CO2[x]+71.70"02[x] +50480.8))/(K4+1801.6°K3)

> end;
warning, ‘Cr’ is implicitly declared local
Warning, 'Cb' is implicitly declared local
Warning, "K3' is implicitly declared local

> PAFB := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpali)/Tpali})*(1/2),i=1..n);

DP, DP,
PSpa (28.97 wma+28.97) pa pa,

1.608015098 wma + 1 fpal * Trua2

PAFB := 14088.2 apa CP j

#17
> FA := 5348840" Areal"CP*sqrt(PSi)*sum((DPi[i}/(M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,021,N,Mf) Ti[i]))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,Mt))*C
> 02i[i)100,l=1..n):

#18
> FB := 5348840 Areai*CP*sqrt(PSi)*sum((DPIi[i})/(M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,02i,N,Mf)*Ti[i]))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,Mf))*C

U
o
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> 02i[i}/100,i=1..n):

#19
> SA := FA/(FA+FB);
!
SA = -2'
¥20
> SB := FB/(FA+FB);
I
SB = E
#21
> WPAIA = PAFA/(Wle'SA);
von cp | FSP2 (2857 Wma+2897) bfpa, . bfpa,
P 1608015098 wma + | Tpa, Tpa,

WPAIA :=28176.4
Wfe

#22
> WPAIB := PAFB/(Wfe*SB);

DP) D.
soa cp | PSE2 (28T Wma+2897) pay Ppa,
P 1.608015098 wma + 1 Tpa Tpa,

WPAIB:=28176.4
wfe

#23
> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);
A OUHD Ca | A (l1-OUHD) Ca

Cr:=
£ I-ca 3 Ll
3 a
>Cb:=C-Cr;
A OUHD Ca | A (1 -OUHD) Ca
Cbh:=C- -

|-Ca 3 l—l c

3 a

> WAI := (28.02*(100-CO2avel-COavel-O2avei)y(12.01 *(CO2avel+COavei))*(Cb+(12.0
> 1/32.07)*S)-N)/0.7685;
wAi :=36.46063760 (100 ~ CO2avei — COavei — O2avei)

l-Ca 3

1 ~ QUHD) C
_Aouipca 121 Ol” ) €2 4 3744932959 S|/
l-—g Ca

12.01 co2avei +12.01 coavei)- 1301236174 N

#24
> WMGH := 8.936*H + (Wma*WAi)+Mf;

WMG1 '=8.936 H+ Wma | 36.46063760 (100 - cO2avei — COavei — O2avei)

_AouD ca A LIZOUND) 22 4 3744932059 s]/(

l-Ca 3 LS
3 Ca

12.01 co2avei+ 12.01 Coavei)- 1.301236174 N}+ Mf

#25
> WGpI := ((44.01*CO2avei+32.02°02avel+28.01 *COavel+28.02*(100-CO2avei-COa
> el-O2avel))/(12.01*(CO2avei+COavei))*(Cb+(1 2.01/32.07)'S));

WGpi :=(15.99 CcO2avei+4.00 02avei—-.0l COavei+ 2802.00)

A OUHMD Ca | A (1—-OUHD) Ca

T 1-ca 3

" +.3744932959 S|/(
1—5 Ca

12.01 co2avei +12.01 Coave1)

#26
> WGI := WGpi + WMGI;
: WGi :=(15.99 cO2avei+4.00 O2avei-.01 COavei +2802.00)

OUHD C. I - C
_AOUHD Ca 1 A (1-0OUHD) Ca . 3344932950 s/(
l-cCa 3 {
l"g Ca

12.01 cozavei + 12.01 COavei)+8.936 H+ Wma | 36.46063760

(100 - co2avei — COavel — O2avei)

D —
A f"”c Ca —% A (1-0UHD) Ca | 17.4032959 s/
-(a

1
1—5 Ca

~0J



1201 co2avei + 1201 COavei)- 1301236174 N+ Mf 12.01 co2aveo+ 12.01 coaveo) +8.936 H+ wWma | 36.46063760

(100 - co2aveo - COaveo ~ O2aveo)

#27 AOUHD Ca | A (l-OUHD) Ca 959
> WAO :=( ((28.02*(100-CO2aveo-COaveo-0O2aveo)y(12.01*(CO2aveo+COaveo)))*(C "1 -ca 3 " +.3744932 s
> b + (12.01/32.07)*S)-N)/0.7685; 1-3 Ca

WA :=36.46063760 (100 - CcO2aveo - COaveo — 02aveo)

A OUHD Ca 1 A (l—OUHD) Ca 1201 co2aveo+ 12.01 COaveo)—-l30|236l74 N |+ Mf

+.3744932959 s|/( ‘

I-ca 3 1 —-l- Ca
3
12.01 co2aveo + 12.01 COaveo)-1.301236174 N #31

> AL := ((WGo-WGIYWG)*100;

#28 AL = 100 (1599 CO2aveo+4.00 02aveo- 0l COaveo+2802.00) %!
> WMGo := 8.936°H + (Wma'WAo) + Mf; . 1201 cozaveo+ 1201 Coaveo
WMGo :=8.936 H+ Wma | 36.46063760 (100 - CO2aveo - COaveo - 02aveo) + wma | 36.46063760 <100 —CO2aveo - COaveo — 02aveo) Bl _\ 33536190
12.01 co2aveo+ 12.01 coaveo
(1599 co2avei+4.00 O2avei— .0l COavei +2802.00) %!
A(l-0 -
-2 20D Ca 2 ALLZCUD T2 4 3144932959 s/ ‘ %2
- - ‘ - 02 i - C i - 02 i l
t-3 ca  —ma (36.46063760 (100 - coZave! ;‘;"e‘ aved) %1 _ | 301236174
(4
1201 co2aveo+ 12.01 Coaveo) - 1301236174 N+ Mf )/( (1599 co2avei+4.00 02avei ~.0l COavei +2802.00) %! +8936 H
%2 '
+ Wma (36.46063760 (100 - cozaved - Cf;;"e‘ —02aveld) %l ) 301236174
o
#29
> WGpo := ((44.01*CO2ave0+32.02*02aveo+28.01*COave0+28.02*(100-CO2aveo-C + Mf)
> Oaveo-O2aveo))(12.01*(CO2aveo+COaveo0))*(Cb+(12.01/32.07)*S));
WGpo := (15.99 CO2aveo+4.00 02aveo—-.01 COaveo +2802.00) | UHD C. -
A OUHD Ca 1 A (1 OUHD) Ca | wime- 2D Ca 1A LIZOMD) 9, 3744932950 s
c- - +.3744932959 s lf( l-Ca -1 ca
l-Ca 3 t 3
I -3 Ca
1201 co2aveo + 12.01 COaveo) %2 :=12.01 co2avei+ 1201 Coavei
#30 #32
> WGo := WGpo + WMGo; > TFluegasiNa := WGi‘Wfe*SA;
WGo:=(15.99 CcO2aveo +4.00 02aveo-.01 COaveo +2802.00) TFluegasINa :=% (15.99 co2avei+4.00 02avei-.01 COavei +2802.00)
D 1 A (l-0UH =
_AovEbca |1 A{ D) Ca , 3744932959 s/
l-cCa 3 y __l_ c
3 a
SN



A OUHD Ca I A (1-OUHD) Ca

| -Ca 3

c- -= +.3744932959 s}(

l—% Ca

1201 cozavei+ 12.01 Coavei)+ 8936 H+ Wma [36.46063760

(100 -~ co2avel — COavel ~ 02avei)
A OUHD Ca I A (1-OUHD) Ca

= +.3744932959 s

| -Ca 3 l——I-C
3 a

12.01 co2avei+ 12.01 Coavei) - 1301236174 N +Mf] wfe

(

> sigmaTFluegasiNa := sqrt(

>

Ditf(TFluegasiNa,CO2avel)*2*varCO2avel +

>

Ditf(TFluegasiNa,COavel)*2*varCOavel +

> Ditf(TFluegasiNa,N)*Diff(TFluegasiNa,N)"varN +

> DIti(TFluegasiNa,Mf)*Diff(TFluegasiNa,Mf)*varMf +

> sum(sum(

> DIit{(TFluegasiNa,DPi[i])*Diff(TFluegasiNa,DPI[j])*varDPi[i,j] +

> Ditf(TFluegasiNa,Ti[i])*Diff(TFluegasINa,Ti[j])"varTi[i,]] +

> DIff(TFluegasiNa,COIi[i])*Dit{(TFluegasiNa,COI[j])*varCOi[i,j] +

> Diff(TFluegasiNa,CO2i[i))* Diff(TFluegasiNa,CO2ij])*varCO2i[l,]] +

> DIitf(TFluegasiNa,02i[i))*Dif{(TFluegasiNa,02i[j})*varO2i[i,j}

> J=1..n),l=1..n)):

> slgmaTFluegasiNa := value("):

Diff(TFluegasINa,02avel)~2*varO2avel +

Diff(TFluegasiNa,Wte)*2*varWfe +

Constants

Averages and Variances from Part A

Diff(TFluegasiINa,Areai)*2*varAreal +

Diff(TFluegasiNa,CP)*2*varCP +

> CO2avel := 15.2148;
CO2avei :=15.2148

Dif{(TFluegasiNa,PSi)*2*varPSi +

> COavel :=.005;

Ditf(TFluegasiNa,A)*2'varA +

Diff(TFluegasiNa,OUHD)"2*varOUHD +

DIff(TFluegasiNa,Ca)*2*varCa +

Diff(TFluegasINa,C)*Ditf(TFluegasiNa,C)*varC +

Ditf(TFluegasINa,S)*Diff(TFluegasiNa,S) varS +

Diff(TFluegasiNa,H)*Dift(TFluegasINa,H)*varH +

Dift(TFiuegasiNa,Wma)*Dif{(TFiuegasiNa,Wma)'varWma +

> varCO2avel := .1°2;
varCo2avei := .01

Coavel :=.005

> varCOavel := .002/2;

varCOavel = .4 l()‘S

> O2avel := 3.8;
02avei =38

> varO2avel := .05"2;
varO2avel :=.0025

> CO2aveo := 14.145;
co2aveo = 14,145

> varCO2aveo := .172;

U\



varco2aveo :=.0l

> COaveo :=.005;

Coaveo ;= .005

> varCOaveo := .002/2;

varCoOaveo = .4 10'5

> O2aveo :=5;
O2aveo:.=$§

> varO2aveo := .05%2;
varO2aveo :=.0025

Coal Feed Rate (Ibs/hr)

> Wfe := 115839;
Wfe:= 115839

> varWte := (0.05*Wfe)*2;
varWfe = 3354668480 10%

> PSo0:=29.1;
PSo :=29.1

> varPSo := (0.04)~2;
varPSo :=.0016

Pressue for primary air

> PSpa :=31.11;
PSpa :=31.11

> varPSpa := (0.04)"2;
varPSpa :=.0016

Velocity Head

> v :=.45802;
v:=.45802

Area (square ft)

> DPo := array([seq(v,i=1..n)]);
DPo :=[.45802 .45802]

> Areal := 3.99;
Areai :=3.99

> varAreai := (0.0335*Areal)"2;
varaAreai :=.01786633223

> u = (.02*v)r2;
u := .00008391292816

‘> var := array([seq(u,I=1..n)]);

var :=[.00008391292816 .00008391292816}

> Areao := 3.54;
Areao:=3.54

> varDPo := make_array(var,n);

varDPo = varcovar

> varAreao := (0.0364*Areao)"2;
varAreao :=.01660386874

Pitot Coefficient

> CP:=0.84;
cp:=.84

> varCP := (0.01)*2;
varCP :=.0001

Pressure in Area

> PSi := 29.23;
Psi=2923

> v :=.82831;
v:=.82831

> DPI := array([seq(v,i=1..n)]);

Dpi:=[.82831 .82831]

> u:=(.02'v)"2;
u :=.0002744389824

> var := array([seq(u,i=1..n)]);
var :=[.0002744389824 .0002744389824}

> varDPi := make_array(var,n);
varDPi := varcovar

> varPSl := (0.04)~2;
varPsi = .0016

Temperature (R)

>vi:=713;
v:i=T713




> To := array([seq(v,i=1..n)});
To:=[713 713}

> u := (0.01°(v-460))~2;
u = 6.4009

> var := array([seq(u,i=1..n)});
var :=[6.4009 6.4009]

> varTo := make_array(var,n);
varTo .= varcovar

> v :=1140;
v:=1140

> Ti:= array([seq(v,i=1..n)});
Ti:=[1140 1140}

> u := (0.01*(v-460))"2;
u 1= 46.2400

> var := array([seq(u,i=1..n)]);
var:=[46.2400 46.2400)

> varTl := make_array(var,n);
varTi := varcovar

Moisture in Coal

> Mf :=0.06;
Mf£ = .06

> varMf := (0.039*Mf)*2;
varMf := 54756 107

Ash
> A:= 0.0619;
A:=.0619
> varA :a ( 0.039°A)"2;
varA:=.582787881 107
Overhead
> OUHD := 0.9;

OUHD:=.9

> varOUHD := (0.1"OUHD)~2;
varOUHD = .0081

Carbon

> C:=0.7381;
C:=.7381

> varC := (0.039°C)"2;
varcC :=.0008286280388

Hydrogen

> H :=0.0482;
H:=.0482

> varH := (0.039°H)*2;
varH:= 353364804 107

Nitrogen

> N :=0.0135;
N:=.0135

> varN := (0.039'N)~2;
| varN:= 27720225 10°

Sulfur

> S :=0.0123;
S:=.0123

b varS := (0.019°S)"2;
vars:=.5461569 1077

co2

> v :=14.145;
v:=14.145

> CO20 := array([seq(v,i=1..n)});
CO20:=[14.145 14.145]

> u:=(0.1)72;
u:=.0!

> var := array([seq(u,i=1..n)});
var:=[.01 .01]

> varCO2o := make_array(var,n);
varCo02o := varcovar

> V= 15.2148;
v:=15.2148

EO.;



> CO2i := array([seq(v,I=1..n)]);
co2i:=[152148 15.2148)

> u:=(0.1)~2;
u:=.0l

> var := array([seq(u,i=1..n)});
var:=[.01 .01}

> varCO2i := make_array(var,n);
varC021i := varcovar

02
>v:i=5;
vi=S§
> 020 := array([seq(v,I=1..n)]);
020:=[5 5]
> u:= (0.05)42;
' u 1= .0025

> var := array([seq(u,l=1..n)]);
var :=[.0025 .0025)

> varO2o := make_array(var,n);
var02o .= varcovar

> Vv :=3.8;
v:i=338

> 02i := array([seq(v,i=1..n)]);
02i:={3.8 3.8]

> u:= (0.05)42;
u = .0025

> var := array([seq(u,i=1..n)});
var:=[.0025 .0025]

> varO2l := make_array(var,n);
var02i .= varcovar

Moisture (air)

> Wma := 0.013;
wma := .03

> varWma := (.1*Wma)"2;
varima:=.169 107

co

> v := 0.005;
v =005

> COo := array([seq(v,i=1..n)});
COo :={.005 .005]

> U := (0.002)72;

u=.4 107

l!> var := array([seq(u,l=1..n})]);
var:=[.4 105 .4 10%]

> varCOo := make_array(var,n);
' varCOo ;= varcovar

> v := 0.005;
‘ v:=.005

> COI := array([seq(v,i=1..n)]);
€coi:=1.005 .005]

> u = (0.002)~2;

I

u:=.4 107

i> var := array([seq(u,I=1..n)]);
var:=[.4 105 4 107%]

> varCOl := make_array(var,n);
varCO1i := varcovar

Carbon in Ash

> Ca :=0.0486;
! Ca :=.0486

> varCa := (0.25'Ca)"2;
varcCa = .000147622500

Area for primary air

> apa := .63;
apa =.63

i> varapa := (.013)"2;
varapa = .000169

>v:i=.2171;
vi=.2171

\¥
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> DPpa := array([seq(v,i=1..n}]);
DPpa:=(.2171 .2171]

> u:=0.02%;
u :=.004342

> var := array([seq{u,i=1..n)});
var :=[.004342 .004342}

> varDPpa := make_array(var,n);
varDPpa .= varcovar

> v:=1104;
v:= 1104

> Tpa := array([seq(v,l=1..n)]);
Tpa:={1104 1104]

> u:= 0.01%(v - 460);
u:=6.44

> var := array([seq(u,i=1..n)});
var:=[6.44 644]

> varTpa := make_array(var,n);
varTpa = varcovar

Results

PP L ey YR T Y DL DL LR S L L DL D L L Rl d

> eval(TFluegasiNa);
754792.2100

> eval(sigmaTFluegasiINa);
’ 47382.14935

> eval(100*sigmaTFluegasiNa/TFluegasiNa);
6.277509058

PP L e Y T R LY DL E L DL LR LD L L DL L L DALl Ll g

"“Recaleulute Other Results

> b=l

i=1
#13
> m := (Wma * 28.97+28.97)/((Wma*28.97/18.01 6)+1);
m:=28.74570417

Oy



Error Propagation Calculations, Part B, TFluegasiNa

Set no. of sample points
> n:=20;

n:=20

_procedure for creating variance-covariance matrix
> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

> for ] to n do

"rforltondo

> varcovar(l,]] := sqrt(var[i}*var[j])

> od

> od;

> varcovar,

'> end;
Warning, ‘varcovar' is implicitly declared local
Warning, "3 is implicitly declared local
warning, "i’ is implicitly declared local

make_arrxay :=

proc(vaz,n)
local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do
for 1 to n do varcovar([i,j] := sqrt(var{i)*var{j}) od
od;
varcovar
end

#4 B
> MFG := proc(x,A,O0UHD,Ca,C,S,C0O,C0O2,H,Wma,02,N,Mt)




> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2([x}-02[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
warning, 'Cr' is implicitly declared local
warning, "Cb' is implicitly declared local
warning, "K3°' is implicitly declared local
warning, K¢  is implicitly declared local
warning, 'WFG’ is implicitly declared local

MFG :=

proc(x,A,OUHD,Ca,C,8,CO,CO2,H, Wna,02,N, ML)
local Cr,Cb,K3,Kd4, MFG;
Cr 1= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Ch ;= C-Cr;
K3 1= (Cb+.3744932959°3)/(12.01*C02(x]+12.01*CO[x])s
Ké 1=
9.936*H+Wma* (36.46063760* (100-CO[x]-CO2[x]-02[x])*K3-1.301236174*N)+Mf
i
MFG 1= .05550621670*K4/(.05550621670*K4+100*K3)
end

#6
> M := proc(x,A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cbh:aC-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 == 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x}-02[x])*K3-N)/0.7685)+Mf;

> M = (18.016°K4+K3+(288.08"CO2[x]+71.70°02[x]+50480.8))/(K4+1801.6*K3)

> end; :
warning, ‘Cr° is implicitly declared local
Warning, 'Cb° is implicitly declared local
wWarning, "K3° is implicitly declared local

Wwarning, "K4' is implicitly declared local
Warning, "M’ is implicitly declared local

M=

proc(x,A,OUHD,Ca,C,S,C0,CO2,H,Wna, 02,N,Mf)
local Cr,Cb,K3,K4,M;
Cr i=m A*QUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca};
Cb ;= C-Cr;
K3 1= (Cb+.3744932959%S)/(12.01*C02(x]+12.01*CO([x]);
Ké :=
8.936*H+Wma*(36.46063760%(100-CO[x])-CO2[x])-02[x])*K3-1.301236174*1,

H
M = (18.016*K4+K3*(288.08*C02([x])+71.70*02[x]+50480.8 ))/(Kd+1801.¢
end

#5

0O2aveo :=
sum{(DPo[i}/(To[i]*M(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,MN))*(1/2)*(1-MF €.
@,A,OUHD,Ca,C,S,C00,C020,H1,Wma,020,N,MN)*020[i),i=1..n)/sum({DPofiy(Tofi|*M
,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,M()))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,CO
0,C020,H,Wma,020,N,Mf)),i=1..n);

Q2avel :=
sum((DPi[1}/(Ti[i}*M(i,A,OUHD,Ca,C,S,C0i,C0O2i,H,Wma,02i,N,MN))*(1/2)*(1-MFGli,
A,O0UHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,MN)*02i[i],i=1..n)/sum((DPi[i}/(Ti{i]*M(i,>,0
UHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,MN))~(1/2)*(1-MFG(i,A,0UHD,Ca,C,S,C0i,CO2i
H,Wma,02i,N,MN),i=1..n);

#7

CO2aveo :=
sum((DPo[i}/(Toli]*M(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,MN))A(1/2)*(1-MF(
(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,MN)*CO20[i],i=1..n)/sum((DPo[i}/(Toli)*
M(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,M0))*~(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,
C00,C020,H,Wma,020,N,MMN),i=1..n);

CO2avel :=
sum((DPI{i}J/(Ti[i]*M(i,A,OULID,Ca,C,S,C0i,CO2i,11,Wma,02i,N,MN))(1/2)*( 1-MFG,
A,OUHD,Ca,C,S.COi,COZi,H,Wma,OZi,N,M0)‘C02i[i],i=l..n)/sum((DPi[i]l(Ti[i]‘!\l(i,A.
OUHD,Ca,C,S,C0i,C0O2i,H,Wma,02i,N,MN))~(1/2)*( 1-MFG(i,A,OUHD,Ca,C,S,C0i,CO
2i,H,Wma,02i,N,M0),i=1..n);

#8

COaveo :=
sum({DPo[i}/(To[i]*M(i,A,OUHD,Ca,C,S,C00,CO20,H,¥Wma,020,N,MN))A(1/2)*(1-MF
(i,A,OUHD,Ca,C,S,C00,C020,H}, Wma,020,N,MMN)*COoli],i=1..n)/sum((DPoliJ/(Toli}*M!
i,A,OUHD,Ca,C,S,C00,C020,11,Wma,020,N,MN))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,CO
0,C020,H,Wma,020,N,Mf)),i=1..n);

¢ 1S



COavei :=
sum{(DPi[i}/(Ti[i]*M(i,A,OUHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,Mf)))~(1/2)*(1-MFG(i,
A,OUHD,Ca,C,S,C0i,C0O2i,H,Wma,02i,N,MN)*COi[i],i=1..n)/sum((DPi[i}/(Ti[i]*M(i,A,O
UHD,Ca,C,S,C0i,C0O2i,H,Wma,02i,N,MN))*(1/2)*(1-MFG(i,A,O0UHD,Ca,C,S,C0i,CO2i,
H,Wma,02i,N,MM)),i=1..n);

#13
> m:= (Wma * 28.97+28.97)/(Wma*28.97/18.016)+1);
_ 2897 wma+28.97
~ 1.608015098 wma + |

#14
> PAFA := 14088.2*apa‘CP*sqrt(PSpa*m)*sum((DPpali}/Tpa[i})*(1/2),I=1..n);

D. D
Pspa (2897 wma + 28.97) Fpa Fpa,

1.608015098 wma + | Tpa, * Tpa

PAFA :=14088.2 apa CPj

P DP, D. D DPF, DP,
Ppa D. pa4 pas Ppa6 Ppa7 pa 8 pa 9

+ + + + + "
Tpa, Tpa, Tpa, Tpa, Tpag Tpa,

12 13 14 15
+ + +
™2, Tpa | Tpa , Tpa 4

18 19 20
+ + +
pa ¢ Tpa,, P2 q pay P2y,

DPpa 17 DPpa DPpa DPpa

j Ppa | DPpa DPpa DPpa DPpa

> PAFB := 14088.2'apa*CP*sqrt(PSpa‘m)*‘sum((DPpali}/Tpali])*(1/2),I=1..n);

DP, DP,
PSpa (28.97 wma+28.97) ey Pa,

1608015098 mma + | Tpa, * Tpa,

PAFB :=14088.2 apa CPj

DPF; D. DP, D DP, DP, DP]
Pay Fpa, Pag Ppag ba, bag Pay

+ + + + + + "
a
’Ipa3 'zpa4 Tpas '.'pa6 ’.'pa7 Tp 8 Tp 9

P, D DP,
brpa,, |DPpa, [Dfpa,, [DFpa, fpa, Pas

+ + + + * | 2pa
Tpa), Tpa), pa, Tpa , Tpa , 15

DPpa DPpa DPpa DPpa DPpa
P Paq b Py P4

pa,,

#17
> FA := 5348840°Areai*CP*sqri(PSi)*sum((DPi[i}/(M(},A,OUHD,Ca,C,S,C0i,CO2i.H.v
> ma,02i,N,M{)*Ti[i})))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,COI,CO2i,H,Wma,02i,N,Mf))*C
> 02i[i}/100,i=1..n):

#18
> FB := 5348840"Areai*CP*sqrt(PSi)*sum((DPi[i}/(M(i,A,OUHD,Ca,C,S,COi,CO2i,H,W
> ma,02i,N,Mf)*Ti[i]))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,C0O2i,H,Wma,02i,N,Mt))*C
> 02i[iy100,i=1..n):

#19
> SA := FA/(FA+FB);
sa=1
T2
o #20
i> SB := FB/(FA+FB);
sBi=+
)
#21
> WPAIA := PAFA/(Wfe*SA);
DPpa DPpa
- C C )
i WPAIA :=28176.4 apa CP PSpa (2897 Wma + 28.97) ! + -
1.608015098 wma + 1 ’.rpal Tpa,
DP, DP, ) Dipe
pa 3 DPpa4 pas DPpa6 DPpa7 DPpa8 DEpa
+a+’1pa+'1pa+‘1pa+7‘pa+a+7pa
Tpay 4 s 6 7 Tpag y
D DP, DP, D DP)
P2y, Payy P2y P23 Pay | PPPAs
Tpa * Tpa * Tpa * Tpa M Tpa + Tpa
10 11 12 13 14 IS
DP, DP, DP P, P
Pes bay Pag | PP,y | DPPay,
0a + e + oa + o + ma /wEe
16 17 18 19 20
3



#22

> WPAIB := PAFB/(Wfe*SB);

DPpa DPpa

PSpa (2897 wma+28.97) 1 2
PAIB:=28176.4 cpP +
W apa j 1.608015098 fma + | Tpa, Tpa,
DP, DP) D DP,
gol-} 3 pa4 DPpa5 DPpa6 Ppa 2 pa 8 DPpag
+ + " + Toa + . + — + Toa
a
pay R pag 6 7 8 9
DPpalO DPpa“ DPpa]2 DPpal3 DPpal4 DPpa15
Tpa * Tpa * Tpa ¥ Tpa * Tpa * Tpa
10 11 12 13 14 15
DPpal 6 DPpa” DF‘paI 8 DPpal 9 DPpa2 0
a ' Tpa * Tpa * Tpa * Tpa wee
P26 17 18 19 20

23
> Cr := (A"OUHD"Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3y(1-Ca/3);
_ A OUHD Ca _1_ A (1 -OUHD) Ca

Cr .=
o 1-Ca 3 l—~-l- c
3 a
>Ch:=C-Cr;
A OUHD Ca 1 A (l-0OUHD) Ca
Cb:=C- -=
l-ca 3 1
1—3 Ca

> WAI := (28.02*(100-CO2avei-COavel-O2avei)/(12.01*(CO2avei+COavel))*(Cb+(12.0
> 1/32.07)*S)-N)/0.7685;
WA1 :=36.46063760 (100 — co2avei —~ COaveli - O2avei)
- A OUHD Ca _l A (1 -OUHD) Ca + 3744932959 s |/(

l-Ca 3 llC
3 Ca

12.01 co2avei+ 1201 Coavei) - 1301236174 N

#24
> WMGI := 8.936*H + (Wma*WAIi)+Mt;

WMG1 :=8.936 H+ Wma {36.46063760 (100 - co2avei - COavei — O2avei)

L

A OUHD Ca l A (1 - OUHD) Ca

+.3744932959 s |/(
l-Ca 3

l—% ca

12.01 co2avei + 12.01 CoOavei)—-1.301236174 N|+ Mf

S

> WGpi := ((44.01*CO2avei+32.02'02avei+28.01°COavei+28.02°(100-CO2avei-COa'
> el-O2avel)}/(12.01*(CO2avei+COavei))*(Cb+(12.01/32.07)*S));

’ WGpi = (15.99 CO2avei +4.00 O2avei-.0l Coavei+ 2802.00)

1 — QUHD
c-Aouhb ca 1 4 (I ) Ca | 3744932959 s/
1-Ca 3 1
l—g Ca

12.01 co2avei+ 12,01 COavei)

#26
> WGI := WGpl + WMGH;
WGi = (1599 CcoO2avei+4.00 02avei-.0l Coavei +2802.00)
_ A OUHD Ca _"_ A (1 - OUHD) Ca

J 1-ca 3 1
l——3' Ca

+.3744932959 s |/(

12.01 co2avei+12.01 cOavei)+8.936 H+ wma | 36.46063760

(100 - co2avei - COavei — O2avei)
A OUHD Ca 1 A (1-0QUHD) Ca

| —ca 3 +.3744932959 s |/(

l—-;— Ca

12.01 co2avei+ 12.01 coavei) - 1.301236174 N |+ Mf

#27
> WA :=( ((28.02*(100-CO2aveo-COaveo-O2aveo))/(12.01*(CO2aveo+COavea))) (¢
> b +(12.01/32.07)*S)-N)/0.7685;

WAo :=36.46063760 (100 - cO2aveo — COaveo — 02aveo)
A OUHD ca | A (l-OUHD) Ca

- | ~-cCa 73 l——l' ca
k)

+.3744932959 s |/(




12.01 co2aveo + 12.01 coaveo) - 1.301236174 N

#28

> WMGO := 8.936°'H + (Wma*WAo) + Mf;

WMGo :=8.936 H+ Wma | 36.46063760 (100 - cO2aveo — COaveo — 02aveo)

_AOUHD Ca _.l A (1 - OUHD) Ca+.37449329595 (
|-Ca 3 1
1—3 Ca

12.01 co2aveo + 12.01 Ccoaveo) - 1.301236174 N |+ Mf

#29

> WGpo := ((44.01*CO2ave0+32.02*02ave0+28.01*COaveo+28.02*(1 00-C02aveo-c

> Oaveo-02aveo0))/(12.01*(CO2aveo+COaveo0))*(Cb+(12.01/32.07)*S));
WGpo :=(15.99 Cco02aveo+4.00 02aveo ~.01 COaveo +2802.00)

c-AOUHD Ca 1 A (1-0UMD) Ca, 1744932959 sl/(

l-Ca 3 -1 e
3 Ca

12.01 co2aveo+ 12.01 Coaveo)

#30

> WGo := WGpo + WMGo;
WGo :=(15.99 co2aveo +4.00 02aveo— .0l COaveo + 2802.00)

A D A -
_AOUHD Ca 1 A (1-OUHD) Ca , 4111032950 s/
l-cCa 3 1
1—5 Ca

12.01 co2aveo+ 12.01 COaveo)+8.936 H+ wma | 36.46063760

(100 - co2aveo - COaveo ~ Uiaveo)

c-AOE Lo L A (I-CUND) C8 ) 3744932959 5/

| —-cCa 3 =L
3 Ca

12.01 co2aveo+ 12.01 CoOaveo) - 1.301236174 N |+ Mf

#31
> AL := (WGo-WGIi)YWGi)*100;
I (15.99 co2aveo+4.00 02aveo— .01 COaveo +2802.00) %I
=100
12.01 co2aveo + 12.01 COaveo

(100 - co2aveo — COaveo — O2aveo) %l

46063760 ~ 1301236174 :
* Wna (36 60637 1201 Cozaveo + 1201 Coaveo ™
(15.99 co2avei +4.00 O2avei -.01 COavei +2802.00) %!
%2
100 - CO2avei - COavei - 02avei) %l
- Wma (36.46063760 ( aves q‘;"e‘ aved) %1 _ | 301236174
0
(1599 co2avei +4.00 02avei —.0l Coavei +2802.00) %I
= +8936 H

— cozavei- | — 02avei) Bl
i + Wma (36.46063760 (100 - co2avei - COavei - O2avei) - 1.301236174 -

%2
+Mf)
%l=c- 20D Ca 1 A(1Z0UHD) Ca | 3344932050 s

l-ca 3 l__l_ ca
3

! %2 :=12.01 co2avei+ 12.01 COavei

#32
> TFluegasiNa := WGi*Wfe*SA;

1
TFluegasINa := 3 (15.99 co2avei +4.00 02avei -.0l COavei +2802.00)

_AOUND Ca | A(1=0UHD) Ca w1 iocy oV
i 1-Ca 3 !
! t-3 ca

12.01 co2avei + 12.01 COavei)+8Y36 H+ wma | 36.46063760)

(100 - co2avei ~ COavel - O2avei)

_AOUHD Ca 1 A (1-0UHD) Ca _ 344933059 </
l~Ca 3 !
I—E Ca

S



12.01 co2avei+ 12.01 coavei) - 1.301236174 N]+Mf] Wfe

TFluepasINb := WGi*W(fe*SB;

#33

TFluegasOUTa := WGo*W(e*SA;

TFluepasOUTD := WGo*Wfe*SB;

> sigmaTFluegasiNa := sqrt(

> Ditf(TFluegasiNa,CO2avei)*2*varCO2avei +

> Ditf(TFluegasiNa,COavel)*2*varCOavei +

> Diff(TFluegasiNa,O2avei)*2*varO2avel +

> Ditf(TFluegasiNa,Wfe)*2*varWfe +

> Diff(TFluegasiNa,Areai)*2*varAreal +

> Diff(TFluegasiNa,CP)*2*varCP +

> Diff(TFluegasiNa,PSi)*2*varPSi +

> Ditf(TFluegasiNa,A)*2*varA +

> Diff(TFluegasiNa,OUHD)~2*varOUHD +

> Diff(TFluegasiNa,Ca)*2*varCa +

> Diti(TFluegasiNa,C)*Ditf(TFluegasiNa,C)*varC +

> Diff(TFluegasiNa,S)*Diff(TFluegasiNa,S)'varS +

> DU{(TFiuegasiNa,H)‘Diff(TFluegasiNa,H)*varH +

> Diff(TFluegasiNa,Wma)*Diff(TFluegasiNa,Wma)‘varWma +
> Diff(TFluegasiNa,N)*Diff(TFluegasiNa,N)*varN +

> Diff(TFluegasiNa,Mf)*Diff(TFluegasiNa,Mf)*varMf +
> sum(sum(

Diff(TFiuegasiNa,DPi[i]))*Ditf(TFluegasiNa,DPIfj])*varDPIifi,j] +

v

Ditf(TFluegasiNa,Tifi])*Diff(TFluegasiNa,Ti[j]) varTi[i,j] +

Ditf(TFluegasiNa,COi[i])* Diff(TFluegasINa,COi[j])*varCOil[i,j] +

v

Ditf(TFluegasiNa,CO2i[i])* Diff(TFluegasINa,CO2i[j])*varCO2i[i,|] +

>

Ditf(TFluegasiINa,O2i[i])*Ditf(TFluegasiNa,O2ifj])*varO2i[i,j]

SELn) =)

,> sigmaTFluegasiNa := value("):

LS



Coal Feed Rate (Ibs/hr)

L wfe := 115839;
Wfe = 115839

> varWie := (0.05'Wfe)*2;
varWfe := 3354668480 108

Area (square ft)

> Areai := 3.99;
I

Areai =399

Constants > varAreai := (0.0335*Areai)"2;

varAreai = 01786633223

Averages and Variances from Part A

> CO2avel := 15.2148; 354
Co2avei := 15.2148 > Areao := 3.54;
Areao = 3.54

> varCO2avel := .142;
> varAreao := (0.0364*Areao)"2;

varco2avei := .0l
varAreao := 01660386874

> COavel := .005;

Coavel := 005 Pitot Coefficient

> varCOavel := .002/2; > CP := 0.84;

varCoOavei = .4 10'5 : cp:.=.84

> O2avel := 3.8; > varCP := (0.01)*2;
02avei :=3.8 varCp = .0001

> varO2avel := .05*2;

varo2avei :=.0025 Pressure in Area

> PSi := 29.23;

> CO2aveo := 14.145; pPSi=29.23

3
cO2aveo := 14.145 > varPSi := (0.04)"2;

> varCO2aveo := .142; |

varpPSi :=.0016

varco2aveo := .0l

> PSo0:=29.1;

> COaveo :a .004; 291
v PSo =29,

CoOaveo :=.004

> varCOaveo := .002%2; > varPSo := (0.04)"2;
varPSo = .0016

varCOaveo := .4 103

> 02aveo := 5; Pressue for primary air -
02aveo:=$ > PSpa :=31.11;
> varO2aveo := .05°2; PSpa :=31.11
varo2aveo :=.0025 > varPSpa := (0.04)"2;

varpPSpa = .0016




Velocity Head
> v :=.45802;

v:=.45802

> DPo := array([seq(v,i=1..n)]);
DPo :=[.45802 45802 .45802 .45802 .45802 .45802 .45802 .45802 45802
45802 45802 .45802 45802 .45802 45802 .45802 45802 .45802 .45802
45802]
> u = (.02°v)A2;

u :=.00008391292816

> var := array([seq(u,i=1..n)}]);
var :=[.00008391292816 .00008391292816 200008391292816 .00008391292816
00008391292816 .00008391292816 .00008391292816 .00008391292816
00008391292816 .00008391292816 .00008391292816 .00008391292816
00008391292816 .00008391292816 .00008391292816 .00008391292816
00008391292816  .00008391292816 .00008391292816 .00008391292816]

> varDPo := make_array(var,n);

varDPo = varcovar

> v :=.82831;
v :=.82831

> DPI := array([seq(v,i=1..n)});
DPi:={.82831 .82831 .82831 .82831 .82831 .82831 .82831 82831 .82831
82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831 .8283l
.82831]
> u:=(.02°v)22;

u :=.0002744389824

> var := array([seq(u,l=1..n)});
var :=[.0002744389824 0002744389824 0002744389824 0002744389824
0002744389824 0002744389824 0002744389824 0002744389824
0002744389824 0002744389824 0002744389824 0002744389824
0002744389824 0002744389824 .0002744389824 0002744389824
0002744389824 0002744389824 0002744389824 .0002744389824)

> varDPI := make_array(var,n);

varDPi := varcovar

Temperature (R)
>v:=713;

v:=713

> To := array([seq(v,I=1..n)]);
To:=[7T13 713 713 713 713 713 713 713 713 713 713 713 713 7.
713 713 713 713 713 713]
> u:=(0.01*(v-460))"2;

u :=6.4009

> var := array([seq(u,i=1..n)});
var:=[64009 6.4009 6.4009 6.4009 64009 6.4009 64009 6.4009 6400
6.4009 6.4009 6.4009 6.4009 64009 64009 6.4009 6.4009 64009 6.4ia
6.4009]

> varTo := make_array(var,n);
varTo .= varcovar

> v :=1140;
v:=1140

> Ti:= array([seq(v,i=1..n)]);
Ti:=[1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140
1140 1140 1140 1140 1140 1140 1140 1140 1140]

> U = (0.01°(v-460))~2;
u 1= 46.2400

‘> var := array([seq(u,i=1..n)});

var:=[46.2400 46.2400 46.2400 462400 462400 46.2400 46.2400 46.24(«
46.2400 46.2400 46.2400 462400 46.2400 46.2400 46.2400 46.2400

46.2400 46.2400 46.2400 46.2400]
> varTi := make_array(var,n);

varTi ;= varcovar

Moisture in Coal
> Mf :=0.06;

ME:= .00

> varMf := (0.039*Mf)~2;
varMf := 54756 107

Ash
> A:= 0.0619;

A= 0619

> varA := ( 0.039*A)*2;

vara:= 582787881 1070

LIS



Overhead
> OUHD := 0.9;
OUHD:= .9
> varOUHD := (0.1*OUHD)"2;
varOUHD ;= .0081
Carbon
> C:=0.7381;
Cc:=.7381

> varC := (0.039°C)A2;
varcC :=.0008286280388

Hydrogen

> H := 0.0482;
H:=.0482

> varH := (0.039°H)*2;
varH:= 353364804 107

Nitrogen

> N :=0.0135;
N:=.0135

> varN := (0.039'N)~2;
varN:= 27720225 1070

Sulfur

> $:=0.0123;
S:=.0123

> varS := (0.019°S)*2;
vars:=.5461569 1077

co2

> v := 14.145;
v:=14.145

> CO02o := array([seq(v,I=1..n)]);

COo20:=[14.145 14.145 14.145 14.145 14.145 14.145
14145 14145 14145 14.145 14.145 14.145 14.145

14.145)

>u:= (0.1)~2;
i u:=.01

> var := array([seq(u,i=1..n)}]);
var:=[.01 .0l .01 .01 .01l .0f .01 .01 .0t .01 .01 01 .0l .01
01 .01 .01 .01 .01)
> varC0O20 := make_array(var,n);
varCo02o := varcovar

> v := 15.2148;
‘ vi= 152148

> CO2i := array([seq(v,i=1..n)]);
co2i:=[152148 152148 152148 152148 152148 15.2148 152148 15214
152148 152148 152148 15.2148 152148 152148 152148 15.2148
‘ 152148 15.2148 152148 15.2148]
> u := (0.1)*2;

u:=.01

b var := array([seq(u,i=1..n)]);
var:={.01 .01 .01 .01 .01 .01 .61 .01 .01 .0t .01 .00 .01 01l .0
01 .01 .0t .01 .01)
> varCO2l := make_array(var,n);

varCo021i := varcovar

02
> Vv :=5;

v:i=S$

> 020 := array([seq(v,i=1..n)});
020:=[5 5 5555 5555555555555 5]
‘> u := (0.05)*2;

u:=.0025

> var :a array([seq(u,i=1..n)]);
var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025]
> var0O2o := make_array(var,n);
varoO2o .= varcovar

> v :=3.8;

> 02I := array([seq(v,i=1..n)]);

!
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02i:=134 38 38 38 38 38 38 38 38 38 38 38 38 38 38
38 38 38 338 3.18]
> u := (0.05)*2;

u:=.0025

> var := array([seq(u,i=1..n)});
var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 0025 0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025)

> varO2| := make_array(var,n);

var021 := varcovar

Moisture (air)
> Wma := 0.013;

wma :=.013

> varWwma := (.1*"Wma)*2;
varima:=.169 107>

CO
> v := 0.005;

v:=.005

> COo := array([seq(v,i=1..n)]);
Ccoo:=[.005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005
005 005 005 .005 .005 .0605 .005 .005]

> U := (0.002)°2;

u:=4 107

> var := array([seq(u,i=1..n)]);
var:=[4 105 4105 4105 4105 410° 410° 410° 410
4105 410% 410% 410% 410% 410° 4107 4107
4105 410° 4107 4109
> varCOo := make_array(var,n);

-5

varCoo = varcovar

> v := 0.005;
v:=.005

> COl := array([seq(v,i=1..n)]);
coi:=[.005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005

005 005 005 .005 .005 .005 .005 .005])
> u:=(0.002)"2;

u=4 107

> var := array([seq(u,i=1..n)]);

S

5 410° 4105 4 10° 400

var:=[.4 105 410 410 40
4105 4105 4105 410° 4107 410% 410° 4107

410 4100 4105 41073

> varCOI := make_array(var,n);
varCO1i = varcovar

Carbon in Ash
> Ca := 0.0486;

Ca :=.0486

> varCa := (0.25'Ca)"2;
varCa :=.000147622500

Area for primary air

> apa := .63;

apa = .63
> varapa := (.Q13)"2;. v e
0104 ok varapa := .000169 0"’555 Y a0
> v:i=.2171;
v:=.2171

> DPpa := array([seq(v,i=1..n)]);

DPpa:=[.2171 2171 21701 217t 2171 2171 2171 2171 2171 2171
2171 2170 2170 2470 21710 21710 2171 2471 2171 2171

> u:=0.02";

u = 004342

> varDPpa := array([seq(u,i=1..n)]);
varDPpa :=[.004342 004342 004342 004342 004342 004342 004302
004342 004342 .004342 004342 004342 004342 004342 .004342
004342 004342 .004342 004342 .004342)
> varDPpa := make_array(var,n);
varDPpa .= varcovar

>v:=1104;
v:= 1104

> Tpa := array([seq(v,i=1..n)]);

O “
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Tpa:={1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104
1104 1104 1104 1104 1104 1104 1104 1104 1104}
> u:= 0.01*(v - 460);

u:=644

> var := array([seq(u,l=1..n)]);
var:=[644 644 644 644 644 644 644 644 644 644 644 644
644 644 644 644 644 644 644 6.44]
> varTpa := make_array(var,n);
varTpa ;= varcovar

Results

..‘0‘0‘..00.'#.““00“‘...‘..“““.'““.“‘i..“0...‘0‘0'0#‘0.‘0.“’.‘

> eval(TFluegasiNa);

754792.2100

> eval(sigmaTFluegasiNa);
47382.14934
> eval(100*sigmaTFluegasiNa/T FluegasiNa);
6.277509056

.O“"."..O“O.‘t‘#‘t.‘"“"O.‘#‘.““.0.0‘.OO““t...“.'.“..““t‘.‘

eval(TFluegasINDb);
eval(sipmaTFluegasINb);

eval(TFluegasOUTa);
eval(sipmaTFluegasOUTa);

eval(TFluegasOUTD);
eval(sigmaTFluegasOUTb);

Recalculate Other Results

>i:='

#13
> m = (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
m:=28.74570417

#14
> PAFA := ‘i4088.2'apa'cP‘sqrt(PSpa”m)'sum((DPpa[i]lTpa[B])"ﬁ12),!=‘i )




Appendix F-2
Random Error Calculation
Flue Gas Inlet Flow

Random Error Propagation Calculations, Part B, TFluegasiNa

Set no. of sample points

> n:=20;
n:=20

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

> for jto n do

> forltondo

> if i=j then

> varcovar{l,j] := sqrt(var[i}*var(j])

> else

> varcovarfl,j] :=0

> fi;

> od

> od;

> varcovar;

> end;
wWarning, ‘varcovar' is implicitly declared local
Warning, “3' is implicitly declared local
Warning, ‘i’ is implicitly declared local

make_array :=

proc(vax,n)

local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do
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for i to n do
if i = j then varcovar{i,j] := sqrt(var[i]*var([j])
else varcovar({i,j] := 0
£i
od
od;
varcovar
end

#4

> MFG := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01*S/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936"H + Wma*((28.02*(100-CO[x]-CO2[x]-O2[x})*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
warning, 'Cr' is implicitly declared local
warning, "Cb° is implicitly declared local
wWarning, "K3° is implicitly declared local
Warning, K4 is implicitly declared local
Warning, 'MFG" is implicitly declared local

MFG =

proc(x,A,OUHD,Ca,C,S,C0O,CO2,H,Wma, 02, N, ML)

local Cr,Cb,K3,Kd4, MFG;
Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3%Ca);
Cb := C-Cr;
K3 := (Cb+.3744932959*S)/(12.01%C02([x])+12.01*CO(x]);
K4 :=

8.936*H+Wma* (36.46063760* (100-CO[x]-CO2[x]-02[x])*K3-1.301236174*N)+Mf

¥
MFG 1= .05550621670*K4/(.05550621670*K4+100*K3)

end

#6

> M := proc(x,A,O0UHD,Ca,C,S,C0,C02,H,Wma,02,N, Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x)));

> K4 := 8.936*H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016°K4+K3*(288.08°CO2[x]+71.70°02[x]+50480.8))/(K4+1801.6"K3)

> end;
Warning, “Cr’ is implicictly declared local
warning, ‘Cb’ is implicitly declared local
warning, "K3° is implicitly declared local
warning, X4 is implicitly declared local
warning, "M’ is implicitly declared local

proc(x,A,OUHD,Ca,C,S,CO,CO2,H, Wna,02,N, ML)
local Cr,Cb,K3,K4,M;
Cr 3= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 := (Cb+.3744932959*8)/(12.01*C02[x]+12.01*CO([x]});
Ké =
8.936*H+Wma*(36.46063760*(100-CO[x])-CO2([x])~02(x])*K3-1.301236174*N)

7
M 1= (18.016*K4+K3*(288.08*C0O2{x]+71.70%02[x]+50480.8 ))/(Kd4+1801.6"

end

#13
> m := (Wma * 28.97+28.97)/(Wma*28.97/18.016)+1);
' 28.97 wma + 28.97

M= 608015098 wma + 1
1
#14
> PAFA := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpa[i}/Tpal[i])*(1/2),I=1..n);
DPpa DPpa
PSpa (2897 wma+28.97) 1 2
PAFA := 14088.2 CcP
apa j 1608015098 wma + | Tpa, * Tpa,
DPpa 3 DPpa 4 DPpa5 DPpa 6 DPpa7 DPpas DPpa9
’Ipa+7pa+7pa+’1pa+7pa+’ma+7‘pa
3 4 5 6 7 8 9
s
D)



+
Tpa 3
DPpal 6 DPpa” DPp‘—:il 8 DPpal 9
+ —+ oa + = * "ma
Pa g P2, 18 19 20

DP; DP DP, DP, DP, DP,
Pay P Py Pag Pay pas
+ + + - + oa + a
™, Tpa,| pa, ! 14 15
D
Ppay,
+

> PAFB := 14088.2*apa‘CP*sqrt(PSpa‘m)*sum((DPpali}/Tpa[i])*(1/2),I=1..n);

DP, DP,
PAFE - 140882 apa cp | FSP3 (2897 Wma +2897) P T
= = ap 1.608015098 wma + 1 Tpa Tpa,
P,

DPpa3 DPpa4 DPpa 5 DPpa 6 DPpa7 DPpa8 DPpa 9

+ + + + + * s
’I}:oa3 Qpa4 ’Ipas Tpa s ‘Ipa,] Tpa 8 9

D. D. D. D.
bfpal, . Dfpa | N FPa ), Fpa, PP, . Fpa, s
ipalo Tpa Tpa Tpa ’.Ip.a:14 ’.Tpals
D. D.

Drpa,, [DFpa, | Dfpa, FPa g Fpay,

+ i Sl e i e
Pae Tpa , 18 19 20

#17

> FA := 5348840" Areai*CP*sqrt(PSi)*sum((DPi[i})/(M(i,A,OUHD,Ca,C,S,COI,CO2l,H,W
> ma,02i,N,Mf)*Ti[i]))*(1/2)*(1-MFG(l,A,OUHD,Ca,C,S,CO0I,CO2i,H,Wma,02i,N,Mf))*C
> 02i[1y100,l=1..n):

H18

> FB := 5348840 Areai"CP*sqri(PSi)'sum((DPI[I}{M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,021,N,Mf)*Ti{1]))*(1/2)*(1-MFG(l,A,OUHD,Ca,C,S,C0l,C0O2l,H,Wma,02l,N,M))*C
> 02i[IJ100,i=1..n):

#19
> SA := FA/(FA+FB);

N —

#20

|

> SB := FB/(FA+FB);

sBi=1
=3
W21
> WPAIA := PAFA/(Wfe*SA);
DP, DEF,
PATA = 28176.4 cp | ESPa (2897 wma+28.97) S N R
= 4 apa 1.608015098 Wma + | Tpa Tpa,
— DP; DP, DP, D. DP, DPpa
p.a3 DPpa4 pa5 paé Ppa7 pa8 PP
+ + — + + + + |—
Tpa, Tpa, Tpa, Tpa, Tpa, Tpa, Tpa,
DPpa DPpa DPpa DPpa | DPpa DPpa,
+ + + + +
a
Tpa, Tpa, pa, Tpa 4 e, paq
DP, DP) DPF; DP, DP,
Pa6 Py Pag Pag Py
repusnbl ireeasnk e ol sl e wfe
16 17 18 19 20
#22
> WPAIB := PAFB/(Wfe*SB);
D. DP,
PALE = 281764 apa Cp | PSP2 (2897 Wma+28.97) U i
= 4 ap 1.608015098 wma + 1 Tpa, Tpa,
- D DP D. DP, 2
Ppa3 pa4 Ppa5 pa 6 Dde_’ DPpa 8 DPpa
+ + + + + + +
Tpa
Tpa, pa, Tpag pag pa, Tpag Tpa,
i DPpaIO DPpal ) DPpa12 DPpa13 DF‘pa’4 DPpalS
* a * Tpa * Tpa * Tpa * Tpa * Tpa
< a0 T 12 13 14 5
D D. DP, D
FPa g Fpa, P31y Fpay | PEPay,
+ + oa + > + a + oa Wfe
a
a6 17 18 19 20

#23
> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

0y
k)‘)
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A OUHD Ca +1 A (1 -OUHD) Ca

Cr .=
l1-Ca 3 ) lc
3 a
>Cb:=C-Cr;
Cb=cC- A OUHD Ca _._l_ A (1 -OUHD) Ca
1-Ca 3 i
l—a' Ca

> WA| := (28.02*(100-CO2avel-COavei-O2avei)(12.01*(CO2avei+COavei))*(Cb+(12.0
> 1/32.07)*S)-N)/0.7685;
WA1 :=36.46063760 (100 - CcO2avei - COavei - 02avei)
_AOUHD Ca 1 A (1-0OUHD) Ca

- . ¢ 9
1 —ca 3 +.3744932959 S [/(

1—3 Ca
12.01 co2avei+ 12.01 coOavei)-1.301236174 N

#24
> WMGI := 8.936*H + (Wma*WAI)+Mf;

WMGi = 8.936 H+ Wma | 36.46063760 (100 - CO2avei — COavei — O2avei)

A OUHD Ca l A (1 -OUHD) Ca
1-Ca 3

1 +.3744932959 s|/(
1—3 Ca

12.01 co2avei+12.01 coavei)- 1301236174 N|+ Mf

#25
> WGpl := ((44.01*CO2avei+32.02*02avel+28.01*COavei+28.02*(100-CO2avel-COav
> el-O2avaei))/(12.01*(CO2avel+COavel))*(Cb+(12.01/32.07)*S));

WGpi = (1599 CO2avei+4.00) O2avei-~.0l Coavei +2802.00)

A OUHD -
- ca 120 OIUHD) Ca 3744932959 s)/(

1-cCa 3 -1
3 Ca

1201 co2avei +12.01 Coavei)

#26
> WGI := WGpi + WMGI;
WG1i := (1599 CcO2avei+4.00 O2avei - .0l Coavei +2802.00)

A OUHD Ca l A (| -OUHD) Ca
l1-Ca 3

1 +.374493295Y S |/(
l—g Ca

12.01 co2avei+ 12.01 COavei)+ 8936 H+ wWma | 3646063760

(100 - co2avel - COavel — 02avel)

- -
_AOUND Ca 1 A (1-0UHD) Ca  nuionucy o)
1 -Ca 3 i
l—-'i Ca

c

12.01 co2avei + 12.01 Ccoavei) - 1301236174 N |+ Mf

#27
> WAO :=( ((28.02*(100-CO2aveo-COaveo-0O2aveo))/(12.01*(CO2aveo+COaveo)))*(C

> b +(12.01/32.07)*S)-N)/0.7685;
WAo := 36.46063760 (100 — cO2aveo —~ COaveo - 02aveo)

_ A OUHD Ca __l. A (1 —OUHD) Ca + 3744932959 s |/(
l - cCa 3 1
! 1—5 Ca

I 1201 co2aveo + 12.01 Coaveo)- 1301236174 N

#28
> WMGo := 8.936'H + (Wma*WAo) + Mf;

WMGo = 8.936 H+ Wma | 36.46063760 (100 - cOZ2aveo - COaveo — 02aveo)

OUHD C. 1 A (1-0UHD) C
A a 1 A(1-0UHD) Ca | 4541032059 s/

| -Ca 3

1
l—’j Ca

12.01 co2aveo+ 12.01 COoaveo) - 1301236174 N+ Mf

#29
> WGpo := ((44.01*CO2ave0+32.02*02aveo+28.01*COave0+28.02*(100-CO2aveo-C

> Oaveo-O2aveo))/(12.01*(CO2aveo+COaveo))*(Cb+(12.01/32.07)*S));
WGpo :=(15.99 CcO2aveo+4.00 02aveo ~- .01 COaveo + 2802.00)

o

%)

A



A OUHD Ca l A (| - OUHD) Ca

+.3744932959
l-cCa 3 744932959 5 1/(

|
I—S Ca

12.01 co2aveo+ 12.01 CoOaveo)

#30

> WGo := WGpo + WMGo;
WGo := (15.99 cO2aveo+4.00 02aveo—-.01 Coaveo +2802.00)

OUHD C. -
_A a 1 A (1-0UHD) Ca 1711032059 s/
l1-cCca 3 1
1-3 Ca

12.01 co2aveo+ 12.01 CoOaveo)+8.936 H+ wma | 36.46063760

(100 - co02aveo — COaveo ~ O2aveo)

A OUH, -
- l_é’ac" —% A (1~ OUHD) Ca | 3744932959 s/

l—% Ca

1201 co2aveo + 12.01 Ccoaveo) - 1.301236174 N |+ Mf

#31

> AL := (WGo-WGIYWGi)*100;
AL = 100 ( (15.99 co2aveo+4.00 02aveo —.01 Coaveo +2802.00) %]
12.01 co2aveo+ 12.01 CcOaveo
(100 - cO2aveo - Coaveo — 02aveo) %l
12.01 co2aveo+ 12.01 Coaveo
B (15.99 co2avei+4.00 02avei—.0l Coavei +2802.00) %!
Y02
(100 - co2avei — COavel - O2avei) %l
%2
J / (15.99 cozavei+4.00 O2avei-.0l Coavei +2802.00) %I
( %2
(100 — co2avei — COavei — 0O2avei) %l
%02

+ Wma (36.46063760

- Wma (36.-‘)6()6376()

+8936 H

+ Wma (36.46063760

)

- 1.301236174 N]
- 1.301236174 N)

- 1301236174 N)

[0]0) A (| -0OUHD) C
@) = oA OUHD Ca 1 Al HD) Ca | 3711932959 s

l-Ca 3 l-—l Ca
3

%2 :=12.01 cozavei+ 12.01 CoOavei

#32
> TFluegasiNa := WGi*Wfe*SA;

1
TFluegasINa := 2 (15.99 co2avei +4.00 02avei - .0l Coavei +2802.00)

A 1 | — OUHD) C.
o AOUHD Ca | A( ) €a | 3744932059 s |/(

l-Ca 3 l——l-C
3 Ca

1201 co2avei + 12.01 Coavei)+ 8.936 H+ Wma | 36.46063760

(100 - co2avei — COavel — O2avei)

- HD
_AOUHD Ca | A (1-OUHD) Ca 4544930959 5/
l-Ca 3 1
]—3 Ca

12.01 co2avei+ 1201 COavei)- 1301236174 N|+Mf| Wfe

sigmaTFluegasiNa := sqrt(

V

> Diff(TFluegasINa,CO2avel)*2‘varCO2avel +

Dit{(TFluegasiNa,COavei)*2*varCOavei +

Vv

> Ditf(TFluegasiNTa,O2avei)*2'varO2avei +

> Diff(TFluegasiNa,Wfe)*2*varWfe +

> DIff(TFluegasiNa,Areai)*2*varAreai +

> DIiff(TFluegasiNa,CP)*2*varCP +

Ditf(TFluegasiNa,PSi)*2*varPSI +

v

Diff(TFluegasiNa,A)*2 varA +

v
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> Ditt(TFluegasIiNa,OUHD)*2*varOUHD +

> Diff(TFluegasiNa,Ca)~2‘varCa +

> Diff(TFluegasiNa,C)*Dif{(T FluegasiNa,C)*varC +

> DIff(TFluegasiNa,S)*Dif{(TFluegasiNa,S)*varS +

> Diff(TFluegasiNa,H)* Ditf(TFluegasiNa,H)*varH +

> Diff(TFluegasiNa,Wma)*Diff(T FluegasiNa,Wma)‘varWma +

> DIff(TFluegasINa,N)*Diff(TFluegasINa,N)*varN +

> Ditf{(TFluegasiNa,Mf)*Ditf(T FluegasiNa,Mf)*varM{ +

> sum(

> Diff(TFluegasINa,DPI[i})*Diff(T FluegasiNa,DPI[l])*varDPI[l,i] +

> Diff(TFluegasiNa,Ti[{])*Diff(T FluegasiNa,Ti{i])*varTi[i,i] +

> DIff(TFluegasiNa,COI[i])*Diff(T FluegasiNa,COI[i])*varCOI[Li] +

> Diff(TFluegasiNa,CO2i[i})*Dit{(T FluegasiNa,CO2i[i])*varCO2i[l,i] +

> Difi(TFluegasiNa,02i[i})*Diff(T FluegasiNa,02i[i})*varO2i[i,i}

> j=1.n):

> sigmaTFluegasiNa := value("):

B Caonstants

Averages and Random Errer Variances (Copied from Part A - function of sample size n)

> CO2avel := 15.2148;
co2avei := 152148

> varCO2avel := .102°2;
varCo2avei :=.010404

> COavel := .005;
coavei :=.005

> varCOavel := .0002/2;

i varCoaveli = .4 1077

S O2avei := 3.8;
02avei :=3.8

> varO2avel := .01118°2;
'| varOz2avei := 0001249924

—

> CO2aveo := 14.145;
co2aveo = 14.145

> varCO2aveo := .0866"2;
varco2aveo :=.00749956

> COaveo := .005;
coaveo := .005

> varCQOaveo :=.000204/2;
varCoOaveo := 41616 10'7

> 02aveo := 5;
02aveo =5

b varO2aveo :=.010206"2;
varO2aveo := .000104162436

Constants for Random Error Propagation

Coal Feed Rate (lbs/hr) re

> Wie := 115839;
' Wfe = 115839

> varWfe := (0.0025*Wfe)"2;
varWfe := 83866.71200

Area (square ft) re

> Areal := 3.99;
Areai =399

> varAreal := (0.0335"Areai)*2;
varAreai :=.01786633223

> Areao := 3.54;
Areao :=3.54

> varAreao := (0.0364*Areao)*2;
varAreao = .01660386874

(O



Pitot Coelficient re

> CP := 0.84;
CpP:=.84
> varCP := (0)*2;
varcp:=0
Pressure Ambient or Baromeltric re
> PSi := 29.23;
PSi:=29.23

> varPSl := (0.04)2;
varPsi :=.0016

> PSo:=29.1;
PSo:=29.1

> varPSo := (0.04)~2;
varPSo :=.0016

Pressue for primary air
> PSpa := 31.11;

PSpa:=31.11

> varPSpa := (0.04)*2;
varPSpa :=.0016

Velocity Head DP re
> Vv :=.45802;

v:=.45802

> DPo := array([seq(v,I=1..n)]);
DPo :=[.45802 .45802 .45802 .45802 .45802 .45802 .45802 .45802 .45802
45802 45802 .45802 .45802 .45802 .45802 .45802 .45802 .45802 .45802
A5802]
> u:=.0000542;

u:=.25 1078

> var := array([seq(u,l=1..n)});
var:=[25 108 25 108 25 108 25 10® 25 108 25 108 .25 108
25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 108

25 108 25 108 25 108 25 108 25 108]
> varDPo := make_array(var,n);

varDPo .= varcovar

> v :=.82831;
v.=.82831

> DPI := array([seq(v,i=1..n)]);
DpPi:=[.82831 .82831 .82831 .82831 82831 .82831 .82831 .82831 82831
82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831 82831 .82N:
.82831]
> u :=.00005~2;

u:=.25 1078

> var := array([seq(u,l=1..n)]);
var:=[.25 108 25 108 25 108 25 108 25 108 25 10
25 108 25 108 25 108 25 108 25 108 25 10 25 10

25 108 25 108 25 108 25 108 25 108]
> varDPIl := make_array(var,n);

4 a5 198

25 g0

varDPi .= varcovar

>

i> v:=.2171;
i v:=.2171

> DPpa := array([seq(v,i=1..n)]);
DPpa:=[.2171 2171 2171 2171 2171 2171 2171 2171 2171 217
2170 2171 2171 2171 2170 21710 2171 2171 2171 2171

> u :=(0.00005)*2;

. ui=25 1078

> var := array([seq(u,i=1..n)});
var:=[25 108 25 10 25 108 25 108 25 108 25 108 25 1078
25 108 25 108 25 10 25 10 25 108 25 10 25 w25 0

|
25 108 25 108 25 108 25 108 25 10°8]

> varDPpa := make_array(var,n);
varDPpa .= varcovar

> v:=1104;
v:= 1104

> Tpa := array{[seq(v,i=1..n)]);
Tpa:=[1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104

Oy
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TIO4 1104 1104 1104 1104 104 1104 1104 1104}
> u:=(0.005%(v - 460))2;

u ;= 10.368400

> var := array([seq(u,i=1..n)));
var:=[10.368400 10.368400 10.368400 10.368400 10.368400 10.368400
10.368400 10.368400 10.368400 10.368400 10.368400 10.368400 10.368400
10.368400  10.368400 10.368400 10.368400 10.368400 10.368400 10.368400}

> varTpa := make_array(var,n);

varTpa .= varcovar

Temperature (R) re
>v:i=T713;

v:=713

> To := array([seq(v,I=1..n)]);
To:=[713 713 713 713 713 713 713 713 713 713 713 713 713 713
713 713 713 713 713 713)

> u := (0.005*(v-460))"2;

u := 1.600225

> var := array([seq(u,i=1..n)));
var:=[1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225
1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225
1.600225 1.600225 1.600225 1.600225 1.600225}

> varTo := make_array(var,n);

varTo ;= varcovar

> v:= 1140;
v:=1140

> Ti:= array([seq(v,I=1..n)]);
Ti:=[1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140
1140 1140 1140 1140 1140 1140 1140 1140 1140]

> u = (0.005*(v-460))42;

u = 11.560000

> var := array([seq(u,i=1..n)));
var :=[11.560000 11.560000 11.560000 11.560000 11.560000 11.560000
11.560000 11.560000 [1.560000 11.560000 11.560000 11.560000 11.560000
11.560000 11.560000 11.560000 11.560000 11.560000 11.560000 11.560000]

> varTi := make_array(var,n);

varTi ;= varcovar

1

! Moisture in Ash re

> Mf :=0.06;
Mf£:= .06

> varMf := ((0.2+0.12*M£*100)/(2*1.414*100))*2;
varMf = .00001058319613

Ash re

> A:= 0.0619;
A:=.0619

> varA = (( 0.07+0.02*A*100)/(2*1.414°100))"2;
vara := 4696223261 1076

l

{ Overhead re

> OUHD := 0.9;
OUHD := .9

b varOUHD := (0.1*OUHD)~2;
varOUHD := .0081

Carbon re

> C:=0.7381;
C:=.7381

L varC := (0.64/(2*1.414°100))"2;
varC:= 5121546706 107

Hydrogen re

> H :=0.0482;
L H:=.0482

> varH := (0.16/(2'1.414°100))~2;

vari = 3200966602 1070

Nitrogen re

> N:=0.0135;
! N:= 0135

> varN := (0.11/(2°1.414*100))2;

varN:=.1512956913 1076

Sulfur re

O
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> S$:=0.0123;
5:=.0123
> varS := ((0.06+0.035°S*100)/(2"1.414*100))~2;
vars:=.1327813813 1076
CO2 re
> v := 14.145;

v:=14.145

> CO2o0 := array([seq(v,i=1..n)});
CO020:=(14.145 14.145 14.145 14,145 14,145 14.145 14.145 14.145 14.145
14.145 14.145 14,145 14.145 14.145 14.145 14.145 14.145 14.145 14.145
14.145]
> u:=(0.03*v)*2;

u :=.1800729225

> var := array([seq(u,l=1..n)});
var = [.1800729225 .1800729225 .1800729225 .1800729225 .1800729225
1800729225 .1800729225 .1800729225 .1800729225 .1800729225 .1800729225
1800729225 .1800729225 .1800729225 .1800729225 .1800729225 .1800729225
1800729225 .1800729225 .1800729225}
> varCO2o := make_array(var,n);
varC02o := varcovar

> v = 15.2148;
v:=152148

> CO2i := array([seq(v,i=1..n)]);
co21i:=[152148 152148 15.2148 152148 152148 15.2148 152148 15.2148
152148 152148 15.2148 152148 15.2148 152148 15.2148 15.2148
15.2148 15.2148 15.2148 15.2148)
> u :=(0.03*v)"2;

u = 2083411251

> var := array([seq(u,i=1..n)]);
var :=[.2083411251 .2083411251 .2083411251 2083411251 .208341125!
2083411251 2083411251 .2083411251 2083411251 .2083411251 .2083411251
2083411251 2083411251 2083411251 2083411251 .2083411251 2083411251
2083411251 2083411251  .2083411251)
> varCO2i := make_array(var,n);
varCo21 ;= varcovar

v:i=S5

> 020 := array([{seq(v,i=1..n)]);
O20:=[5 5 5 5 5 5 55 5 55 5 S 55 555 5 5]
> u:= (0.05)*2;

u :=.0025

> var := array([seq(u,i=1..n)));
var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .002S
0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025])
> varO2o := make_array(var,n);
var02o .= varcovar

> V:=3.8;
v:=38

> 02 := array([seq(v,i=1..n)]);
021:=(3.8 38 38 38 38 38 38 38 38 38 38 38 38 38 3.
38 38 38 38 38])
[> u:=(0.05)*2;

u :=.0025

> var := array([seq(u,i=1..n)});

var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
I .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025)
> varO2| := make_array(var,n);

var021 .= varcovar

Mofsture (air) re
'> Wma := 0.013;

Wma :=.013
> varWma := (.2'Wma)*2;
varwma = .676 IO'S
CO re
> v := 0.005;

v :=.005

> COo := array([seq(v,l=1..n)});
Coo:={.005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .003
005 005 .005 .005 .005 .005 .005 .005)

(U]
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> u:= (0.001)42;

-1 108
u=.110 Results

> var := array([seq(u,i=1..n)]);

L Addda s dd Al I AL I IR ST RIS SRR DR R PR LT L T TY 2 7 1 e P P iy

-5 -5 -5 -5 -5 -5 -5 -5
=1.1 10 . .1 10 . . . . .
var [l 110 | 110 110 110 110 110 > evalf(TFluegasiNa):

2105 110 105 0105 0% 110 108 g 108 754792.2100
1100 1108 108 10'5] > evalf(sigmaTFluegasiNa);
> varCOo := make_array(var,n); i 5676.235856
varCOo = varcovar > evalf(100*sigmaTFluegasINa/TFluegasiNa);
‘ 7520262903
>Vi= 0.005; .‘.‘.‘.‘“‘#“‘..‘O"l‘.“‘.‘.““““"0“‘“.“O.‘l#‘““‘.‘.“t‘t“.“t‘.
v:=.005 >

> COl := array({seq(v,i=1..n)});
coi:=[.005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005
005 .005 .005 .005 .005 .005 .005 .005)

> u = (0.001)~2;

u=.1 107

> var := array([seq(u,i=1..n)]);
var:=[1 10 .1 10% 1105 1105 1105 410 0 105 4 108
41073 110% a0 0105 1108 0105 105 1 108

1105 1105 410 1 1075]
> varCOi := make_array(var,n);

varCoO1 := varcovar

Carbon in Ash re
> Ca := 0.0486;

Ca :=.0486

> varCa := (0.1'Ca)*2;
varCa := .(XNX)236196

Area for Primary Air re
> apa := 0.63;

apa :=.63

> varapa := (0.0208*apa)*2;
varapa :=.000171714816

TN



>

>

Error Propagation Calculations, Part B, TFluegasOUTa -- Zero Leakage

Set no. of sample points

> n:=24;
n:=24

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

|
b forjtondo

> for I ton do

Appendix G-1
Bias Error Calculation

> varcovar[l,j] := sqrt(var{i]*var[j})

Flue Gas Outlet Flow -- Zero Leak Case > od

> od;

> varcovar;

end;

r warning, ‘varcovar® is implicitly declared local
wWarning, j° is implicitly declared local
warning, ‘i‘ is implicitly declared local

l make_array =

proc(var,n)
local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do
for i to n do varcovar[i,j] := sqrt(var[i}*var({jl) od
ody
varcovar
end

#4

> iFG = proc(x.A,OUHD,Ca,C,S.CO.CO2,H,Wma,02,N,Ml)

6,

c%



> Cr := (A"OUHD"Ca)/(1-Ca) + (A*(1-OUHD) Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°"H + Wma*((28.02"(100-CO[x]-CO2[x]-O2[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100*K3)

> end;
Warning, °"Cr’ is implicitly declared local
Warning, "Cb° is implicitly declared local
Warning, "X3' is implicitly declared local
warning, "K&' is implicitly declared local
Warning, "'MFG° is implicitly declared local

HEFG 1=

proc(x,A,OUHD,Ca,C,S8,C0,C02,H,Wna,02,N, ML)

local Cr,Cb,K3,K4,MFG;
Cxr := A*QUHD*Ca/(1-Ca)+1/3*A*(1-0QUHD)*Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 = (Cb+.3744932959*8)/(12.01*C02([x])+12.01*CO([x]);
Ké 1=

8.936*H+Wma*(36.46063760*(100-CO[x]-CO2{x])-02[x])*K3-1.301236174*N)+Mf

§
MFG := .05550621670°K&/(.05550621670*K4+100+K3)

#6

> M := proc(x,A,OUHD,Ca,C,S,C0,CO2,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3¥(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01*S/32.07)/(12.01*(CO2[x] + CO[x}));

> K4 := 8.936°H + Wma*((28.02°(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016'K4+K3*(288.08°CO2([x]+71.70°02[x]+50480.8))/(K4+1801.6°K3)

> end;
Warning, "Cr' is implicitly declared iocai
Warning, "Cb" is implicitly declared local
wWerning, "K3' is implicitly declared local

warning, "K4' is implicitly declared local
wWarning, ‘M is implicitly declared local

| M=

proc(x,A,OUHD,Ca,C,S,C0,CO2,H,Wna, 02,N,Mf)
local Cr,Cb,K3,Kd4, M;
Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cx;
K3 :m (Cb+.3744932959*S)/(12.01*C02([x)+12.01°CO[x]);
Kd :=
8.936*H+Wma*(36.46063760%(100-CO[x]-CO2[x]-02{x))*K3-1,301236174*N
7
M = (18.016°K4+K3*(288.08*C02([x])+71.70*02([x])+50480.8 ))/(X4+1801.6
aend

©#13
> m := (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);

_ 2897 Wma+28.97
~ 1.608015098 wma + 1

i> ?’]:FA := 14088.2*apa“*CP*sqrti(PSpa‘m)*sum((DPpal[iyTpa[i])*(1/2),I=1..n);
PAFA := 14088.2 apa cP j PS‘; 2 0;3)81.59(’)’9 sw";"; igim) IZ‘? + DT::?
. DPpa, . j DPpa, DEpa, DPpa DPpa, DPpag DPpa,
72333 Tpa 4 'Ipas '123-36 71337 ’Ipag 7P39
+j DFpa +j DPpa | . Depa , . Dkpa . DPpa DEpa
Rt Pay )y a3 P24 Rt
, j DPpa . j Dppa, bepa . bepa DPpa, DPpa,,
P26 P2 Rt Pajg 2% P2y,
| . j brpay, . bFpa,, . bPpa,,
P2y | P Py

> PAFB := 14088.2"apa"CP*sqrt(PSpa“m)°sum((DPpal[i}/Tpa[i])*(1/2),i=1..n);



DPpa DPpa
PSpa (2897 wma+28.97)
5 = 14088.2 cp
PAF apa f 1608015008 Wna + 1 Tpa,
DPj
pa3 DPpa4 DPpa
+ + +
’11363 ’11354 Tpa Tpa 'Ipa 'Ipa
prpa - [DPpa pepa , [DPpa .
+ + + —+ +
a
Pa), m‘3'11 P2, Tpa,, Tea, Tpa s
D. P
Ppaus bpa, 1D p"la Dfpa,, PPy, DP""zn
+ + e + Sl ereousuidl el hrves
19 20 21

DPpa DPpa
':!pa
#17

> FA := 5348840*Areai*CP*sqrt(PSi)*sum((DPI[iJ/(M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,021,N,M{)*Ti[i]))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,Mf))*C
> 02i[iy100,i=1..n):

#18

> FB := 5348840*Areai*CP*sqrt(PSi)-sum((DPi[iJ/(M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,02i,N,M1)*Ti[i}))*(1/2)*(1-MFG(l,A,OUHD,Ca,C,S,COl,CO2i,H,Wma,02i,N,M1))*C
> 02i[Iy100,i=t..n):

#19
> SA := FA/(FA+FB);

#20
> SB := FB/(FA+FB);

#21
> WPAIA := PAFA/(Wie*SA);

DPpa DFpa
PSpa (2897 wmna+ 28.97) 1 2

1.608015098 wma + 1

WPAIA :=28176.4 apa CP]

DPpa DPpa

Ppa
’Ipa ﬂpa
Ppa
+ +
P2, Tp" mau 'Ipals
P, DP,
a DPpa Ppa al9 . D. pa20 . pa21
’Ipa Tpa ’Ipazo ’Ipazl
a

19
Ppa DPp.
/ Wfe
ﬁpa 23 'Ipa

+

%%

Ppa DPpa Ppa Ppa DPpa‘
’Ipa ’I‘pa

+
ﬁs

22
CWPAIB := PAFB/(Wfe*SB);
D DPpa
pATE e 281764 cp [PSPA_(2BIT Wna+2897) Pe -
. WPAIB:= 4 apa 1.608015098 wma + | Tpa, Tpa
i
DPpa3 DPpa Ppa a7 DPpaa DPpa‘
+ + + +
’Ipa3 Tpa Tpas ’Ipa“
DP)
DPpa 10 DPpa DPpa 14 pa s
+ + + + Ll vl e
P2, 7p‘an Tp‘i'lz T"an 14 s
DP; DP)
DPpal6 DPpa” DPpal8 DPpa19 pa,)o pazl
+ + |— +
ey pa,, P,
Ppa
/ wfe
’Ipa
#23

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);



A OUHD Ca I A (1-0OUHD) Ca
Cr:= = g
|-cCa 3 ) lc
3 Ca
>Cb:=C-Cr;
A OUHD Ca 1 A (1-0OUHD) Ca
Cb:=C- -
I -Ca 3 1
1—3 Ca

> WAI := (28.02*(100-CO2avel-COavei-O2avei)/(12.01*(CO2avei+COavel))*(Cb+(12.0
- > 1/32.07)*S)-N)/0.768S5;
WAI :=36.46063760 (100 - CO2aveli - COavei — O2avei)
_AOUHD Ca 1| A (l-OUHD) Ca

|l ~Ca 3 l——l- ca
3

c +.3744932959 s |/(

12.01 co2avei+ 12.01 coavei)- 1301236174 N

#24
> WMGI := 8.936°H + (Wma*WAI)+Mf;

WMG1 := 8.936 H+ Wwma | 36.46063760 (100 - CO2aveli — COavei — 02avei)

A OUHD Ca _!_ A (1 - 0OUHD) Ca

1 -ca 3 +.3744932959 s|/(

1
1-5 Ca

12.01 co2avei + 12.01 Coavei)- 1301236174 N |+ Mf

#25 .
> WGpI := ((44.01*CO2avei+32.02*02avel+28.01*COavei+28.02*(100-CO2avei-COav
> el-02avei)}(12.01*(CO2avei+COavel))*(Cb+(12.01/32.07)*S));
WGpi = (1599 Cco2avei+4.00 02avei -.0l Coavei +2802.00)
_AOUHD Ca 1 A (1-0UHD) Ca

—ca 3 +.3744932959 s {/(

l—-:l; Ca

12.01 co2avei+ 12.01 CoOavei)

#26
> WGI := WGpi + WMGI;
WGi = (15.99 co2avei+4.00 O02avei - .01 Coavei +2802.00)

A OUHD 1 A (l- C
c- Ca L A(1Z00HD) €2 | 43,1932959 s/
! | -cCa 3 1
H I—S' Ca

12.01 co2avei + 12.01 COavei)+8.936 H+ Wma | 36.46063760

(100 - cO2aveli - COavel - O02avel)

- D
_ A OUHD Ca —l A (1l - OUHD) Ca + 3744932950 s |/
l-cCa 3 1
1—3 Ca

12.01 co2avei + 12,01 CoOavei)-1.301236174 N|+ Mf

#27
> WAo :=( ((28.02*(100-CO2aveo-COaveo-O2aveo))(12.01*(CO2aveo+COaveo)))*(C

> b +(12.01/32.07)"S)-N)/0.7685;
WAO ;= 36.46063760 (100 - cO2aveo — COaveo — O2aveo)

_ A OUHD Ca __I_ A (1 ~OUHD) Ca + 3744932959 s |/(
l1-ca 3 1
l—'i Ca

! 12.01 co2aveo+12.01 coaveo)-1.301236174 N

#28
> WMGO := 8.936*H + (Wma*WAo) + Mf;

WMGo :=8.936 H+ wWma | 36.46063760 (1(X) - CO2aveo - COaveo — 02aveo)

D C. A (1-0OUHD
_a ?UHC a _ % ( ) Ca | 3744932959 s |(
~Ca

1
l—-j Ca

12.01 co2aveo+ 12.01 cOaveo)- 1301236174 N|+Mf

#29
> WGpo := ((44.01°CO2ave0+32.02*02ave0+28.01*COave0+28.02*(100-CO2aveo-C
> Oaveo-0O2ave0))/(12.01*(CO2aveo+COave0))*(Cb+(12.01/32.07)*S));
WGpo :=(15.99 cO2aveo +4.00 02aveo—.01 COaveo + 2802.00)




A OUHD C I A (1-0UHD) C -
- 2 1Ak ) Ca | 3744932959 s \ glimc 2 OUHD Ca 1 A (1ZOUHD) €2\ 3744932959 s
I-ca 3 1 I-ca 3 I
|_§ ca 1—5 Ca

12.01 co2aveo + 12.01 COaveb)

%2 :=12.01 co2avei +12.01 COavei

#30
> WGo := WGpo + WMGo; #33 —
WGo := (1599 Cco2aveo+4.00 02aveo—.01 Coaveo + 2802.00) v > TFluegasOUTa := WGo*Wfe’SA;
c- A OUHD Ca 1 A (l-OUHD) Ca +.3744932959 s |/( TFluegasOUT. :=% (15.99 co2aveo+4.00 02aveo~.0l COaveo +2802.00))
- 3 : = =
1-ca l—% Ca
AOUHD Ca | A (|- OUHD) Ca
1201 co2aveo +12.01 Coaveo)+8.936 H+ Wma | 36.46063760 C-—""ca 3 1 +.3744932959 s 1/(
I_S Ca
(100 - co2aveo — COaveo - O2aveo) 12.01 coz2aveo + 12.01 COaveo)+8.936 H+ wma | 36.46063760
AOUHD Ca 1 A (l-OUHD
c- ?_Ca -3 ( ) Ca | 3744932959 s |/(
1 -3 Ca (100 — cO2aveo — COaveo — O2aveo)
AOUHD Ca | A (1-OUHD) Ca
12.01 Co2aveo+12.01 COaveo)- 1301236174 N|+Mf C-—-ca 3 | +.3744932959 S
i 1—5 Ca
12.01 CcoO2avec+ 12.01 Coaveo)- 1301236174 N|+ Mf| Wfe
#31
> AL := (WGo-WGIYWGI)*100;
AL = 100 (1599 co2aveo+4.00 02aveo- .0l COaveo +2802.00) %l
'- 12.01 co2aveo + 12.01 cOaveo ke sigmaTFluegasOUTa := sqrt(
+wma | 3646063760 (10— C02aveo - Coaveo — 02aveo) &l _, 45 936174 y S Diff(T FluegasOUTa,CO2avei)~2'varCO2avei +
12.01 co2aveo+ 12.01 Coaveo
_ (15.99 co2avei+4.00 O2avei—.0l COavei+2802.00) %l > Diff(TFluegasOUTa,COavei)*2*varCOavei +
%2 : :
00 - co2 [~ i - 02 ; > DIiff(TFluegasOUTa,02avei)*2*varO2avel +
- Wia (30.40()()3760 (100 - Cozavel C:;"'” 02avei) %1 _ | 301236174 N) '
> Ditf(TFluegasOUTa,Wfe)"*2*varWfe +
)/[ (15.99 co2avei +4.00 O2avei- .0l COavei+2802.00) %l _oo.0
%2 ) > Ditf(TFluegasOUTa,Areai)*2*varAreai +
(100 - co2avel - COavei - O2avei) %l
+ Wma (36.46063760 %2 -1.301236174 NJ > Diff(TFluegasOUTa,CP)"2*varCP +
+Mf) > Diff(TFluegasOUTa,PSi)~2*varPSi + )

> Ditf(TFluegasOUTa,A)*2'varA +

B)

8.3

s



Dit{(TFluegasOUTa,OUHD)*2*varOUHD +

1-Ca 3

Ditf(TFluegasOUTa,Ca)*2*varCa +

' 4 [ OUHD Ca 1 (!-OUHD) Ca]

1
l——j Ca

DIff(TFluegasOUTa,C)*Ditf(T FluegasOUTa,C)*varC +

%2

2
> DIff(TFluegasOUTa,S) Diff(TFluegasOUTa,S)'varS + wma %3 (- O(lmucca —% ( 'OUIHD ) Ca]
—-LCa
l _—
> Ditf(T FluegasouTa.H)‘Dlﬂ(TFluegasOUTa,H)'varH+ + 36.46063760 3 Ca wEe vara+ 1
%2 4
> Ditf(TFluegasOUTa,Wma)*Diff(T FluegasOUTa,Wma)‘varWma + %4 Aca 1 Aca
- +—-
> Diff(TFluegasOUTa,N)*Diff(TFluegasOUTa,N)'varN + [ I-Ca 3 1_% Ca}
> Diff(TFluegasOUTa,Mf)*Diff(TFluegasOUTa,Mf)*varMf + %2
2
> sum{sum( wma %3 [.-ACa 1 _Aca
l-ca 3 ) 1 c
*Diff OUTa,DPI[j})*varDPI[i, ~3 ¢a
> DIff(TFluegasOUTa,DPI[i])*Diff(TFluegas a,DPI(j})*varDPI[i,]] + +36.46063760 — wee? varOUHD + 1
> DIff(TFluegasOUTa,Tifi])* Ditf(T| FiuegasOUTa,Ti[J])*varTi[i,}] + ° 4
> Ditf(T FluegasOUTa,COl[l])'Dm(TFluegasom‘a,COI[j])"varCOI[l,]]+ %4 AOUHD AOUHD Ca | A (1-OUHD) | A (l-OUHD) Ca)
> DIff(T FIuegasOUTa,CO2l[l])‘Ditf(TFIuegasOUTa,COZIU])'varcozl[I,]] + 1-Ca (1- ca)? 3 |- % ca 9 ( | 2
== Ca)
> Difi(T FIuegasOUTa,OZI[I])‘Dm(TFIuegasOUTa,O2![]])'var02l[l,}] = 3 +
> J=1..n),I=1..n)): 36.46063760 wma %3
2
> sigmaTFluegasOUTa := value(*);
_AOUHD A OUHD Ca | A (1-OUHD) 1 A (l-OUHD) Ca (%2)
l-ca (1 - ca)? 3 2L 9 | 2 -
3 (l -= Ca)
1 %4 %l 3
sigmaTFluegasOUTa = (E T+4'468000000 H s
' wee? varca+t (L4 3646063760 22 F3) " el
3 g2 . %2 wWfe~ varC
1 %4 Wma %3 2
- R a 2
l - N 1 +7 (.3744932959 o 1365426435 — ) wfe? vars
|
!
d\
S



2
[y, [4
+}3 (36.46()6376() —/”3—27“—L— 1301236174 N) wfel varwma

172

2 2

!
+.4233038951 Wma® We® varN+g WEe varMf

_AOUHD Ca | A (1=0UHD) Ca 5144032959 5
1-ca 3

%l =C 7
| —5 Ca
%2 :=12.01 co2aveo+ 12.01 Coaveo

%3 := 100 - cO2aveo ~ COaveo — O2aveo

%4 :=15.99 co2aveo+4.00 02aveo - .0l coaveo + 2802.00

varCoO2aveo = .01

> COaveo := .005;
COaveo := .0005

> varCQaveo :=.002/2;

varCoOaveo = .4 10'5

> O2aveo := 3.8;
0O2aveo :=3.8

> varO2aveo :=.05"2;
varO2aveo :=.0025

Coal Feed Rate (Ibs/hr)

> Wfe := 115839;
wfe:= 115839

> varWfe := (0.05*Wfe)*2;
varWfe := 3354668480 10%

Area (square ft)

Constants

Averages and Variances from Part A

> Areal := 3.99;

Areai :=3.99

> varAreai := (0.0335Areai)"2;
varAreai :=.01786633223

> CO2avel := 15.2148;
CO2aveli ;= 152148

b Areao := 3.54;

> varCO2avel := .122;
varcCoO2avei := .0l

> COavel := .005;
CoOavel = .005

> varCOavel := .002”2;

varCOavel = .4 l()'S

> 0O2avei := 3.8;
02avei :=3.8

Areao :=3.54

> varAreao := (0.0364*Areao)"*2;
varAreao = .01660386874

Pitot Coefficient

> CP := 0.84;
Ccp:= 84

> varCP := (0.01)"2;
varCp:=.0001

> varO2avei := .05"2;
varO2avei :=.0025

> CO2aveo := 15.2148;
CO2aveo = 15.2148

Pressure in Area

> PSI :=29.23;
PSi=29.23

> varCO2aveo :=.1°2;

> varPSl := (0.04)*2;
varPsi = 0016

Le s



> PSo:=29.1;

PSo:=29.1

> varPSo := (0.04)42;

varPSo := .0016

Pressue for primary air

> PSpa :=31.11;

Pspa :=31.11

> varPSpa := (0.04)42;

varPSpa :=.0016

Velocity Head

> Vv :=.45802;

v:=.45802

> DPo := array([seq(v,i=1..n)});

DPo := [ 45802

45802 45802 .45802 .45802 .45802 .45802 .45802

45802

45802 45802 .45802 .45802 .45802 .45802 .45802 45802 .45802 .45802

45802 45802

45802 45802

A45802]

> u:= (.02'v)*2;

u :=.00008391292816

> var := array([seq(u,i=1..n)});
var :=[.00008391292816 .00008391292816 .00008391292816 .00008391292816

.00008391292816
.00008391292816
00008391292816
.00008391292816
.00008391292816

.00008391292816
.00008391292816
.00008391292816
.00008391292816
.00008391292816

.00008391292816
.00008391292816
.00008391292816
.00008391292816
.00008391292816

.00008391292816
.00008391292816
.00008391292816
.00008391292816
.000C8391292816)

> varDPo := make_array(var,n);

varDPo s varcovar

> v :=.82831;

v:=.82831

> DPi := array({seq(v,I=1..n)]);

DpPi :=[.82831
.82831 82831
82831 82831

82831
.82831
.82831

.82831
.82831
.82831

.82831
.82831
.82831]

.82831
.82831

.82831

.82831
82831

.82831
.82831

.82831

.82831 .82831

>t = (.02°v)*2;

u = 0002744389824

> var := array([seq(u,i=1..n)]);
var ;= [.0002744389824
.0002744389824  .0002744389824
.0002744389824  .0002744389824
0002744389824 .0002744389824
.0002744389824 .0002744389824
0002744389824 .(0002744389824

> varDPi := make_array(var,n);

0002744389824 0002744389824 0002744389824
0002744389824 0002744389824
0002744389824 0002744389824
0002744389824 .0002744389824
0002744389824 0002744389824
0002744389824 0002744389824 )

varDPi := varcovar

Temperature (R)
>v:=713;

v:=713

> To := array([seq(v,i=1..n)]);
To:={713 713 713 713 713 713 713 713 713 713 713 713 713 713
713 713 713 713 713 713 713 713 713 713)
> u :=(0.01*(v-460))*2;

u:=6.4009

> var := array([seq(u,i=1..n)));
var:=[6.4009 6.4009 6.4009 64009 64009 6.4009 6.4009 6.4009 6.4009
6.4009 6.4009 6.4009 6.4009 64009 6.4009 6.4009 6.4009 6.4009 6.400
64009 6.4009 6.4009 6.4009 6.4009])
> varTo := make_array(var,n);

varTo = varcovar

> v:= 1140;
v:=1140

> Ti:= array([seq(v,i=1..n)]);

Ti:=[1140 1140 1140 1140 1140 11400 1140 1140 1140 1140 1140
1140 1140 1140 [140 1140 1140 1140 1140 1140 1140 1140 1140
1140]

> U := (0.01%(v-460))~2;
u = 46.2400

> var := array([seq(u,i=1..n)]);
var :=[46.2400 46.2400 46.2400 462400 46.2400 46.2400 46.2400 46.2400
46.2400 46.2400 46.2400 46.2400 462400 46.2400 46.2400 46.2400
46.2400 46.2400 46.2400 46.2400 46.2400 46.2400 46.2400 46.2400)
i>— varTl := make_array(var,n);

‘ N
O
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]



varTi ;= varcovar

Moisture in Coal

> Mf :=0.06;

Mf:=.06

> varMf := (0.039*Mf)*2;

varMf = 54756 107

Ash

> A:= 0.0619;

A:=.0619

> varA := ( 0.039°A)"2;

varA:=.582787881 107

Overhead

> OUHD := 0.9;

OUHD:=.9

> varOUHD := (0.1°"OUHD)*2;

varOUHD := .0081

Carbon

> C:=0.7381;

C:=.7381

> varC := (0.039'C)"2;

varC :=.0008286280388

Hydrogen

> H := 0.0482;

H:=.0482

> varH := (0.039°H)*2;

varH:= 353364804 107

Nitrogen

> N :=0.0135;

N:=.0135

> varN := (0.039°N)*2;

varN:= 27720225 1078

Sulfur
> S :=0.0123;

S:=.0123

> varS := (0.019°S)*2;

vars:= 5461569 1077

CO2

> v:= 14.145;

’ vi= 14.145

'> CO2o0 := array([seq(v,i=1..n)]);
Cco20:=[14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 14143
14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 14145 144

| 14.145 14.145 14.145 14.145 14.145]

> u:=(0.1)22;

u:=.0l

> var := array([seq(u,i=1..n)]);
var:=[.0l .01 .01 .01 .01 .01 .01 .0l .01 01 .01 .01 .01 .01 .u:
01 .01 .01 .01 .01 .01 .01 .01 .01}
> varCO2o := make_array(var,n);
| varC02o := varcovar
i

> v := 15.2148;
v:=15.2148

> CO2i := array({seq(v,i=1..n)]);
Cco2i:=[15.2148 152148 152148 152148 152148 15.2148 15.2148 15214
152148 152148 152148 15.2148 152148 152148 152148 15.2148
152148 152148 152148 152148 152148 152148 152148 15.2148]

> u:=(0.1)*2;

u:=.01

> var := array([{seq(u,l=1..n)});
var:=[.01 .01 .01 .01 .0t .0t .0l .0t .01 .0l .01 .0t .0t 01 .U
01 .01 .01 .01 .01 .01 .01 .0f .01}
> varCO2i := make_array(var,n);
varCo02i = varcovar

02
>v:=5;

[h &



> 020 := array([seq(v,i=1..n)]);
020 :=

ISS5555555555555555555555]

> u:= (0.05)"2;
u:=.0025

> var := array([seq(u,l=1..n)]);
var:={.0025 .0025 .0025 .0025 0025 .0025
0025 0025 .0025 0025 .0025 .0025 .0025
0025 0025 .0025}

0025 0025 .0025 .0025

0025 .0025 .0025 .0025

> varO2o := make_array(var,n);
varQ2o = varcovar

> v:=3.8;
v:i=38

> 02i := array([seq(v,i=1..n)]);
02i:=(38 38 38 38 38 38 38 38 38
38 38 38 38 38 38 38 38 38]

3.8 38 38 38 38 38

> u:= (0.05)"2;
u :=.0025

> var := array([seq(u,l=1..n)]);
var :=[{.0025 .0025 .0025 .0025 0025 .0025
0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 0025 .0025}

0025 .0025 .0025 .0025

0025 .0025 .0025 .0025

> varO2i := make_array(var,n);
varQ2i = varcovar

Moisture (air)

> Wma := 0.013;
wma :=.013

> varWma := (.1°'Wma)*2;
varima :=.169 10'5

coO

> v := 0.004;
v:=.004

> COo := array([seq(v,i=1..n)});
Coo:=[.004 004 .004 .004 .004 .004 .004

004 .004 .004 .004 .004

004 004 004 004 004 004 004 004 004 .004 .004 .004]

> u = (0.002)72;

ui=4 107

E> var := array([seq(u,i=1..n)]);

var=[4 10° 410°% 4107 4105 410% 4107 4 103 4107

4105 410% 4107
410° 410% 4107

410° 410° 410 4107 41070
4105 4105 410 4105 4 107)

> varCOo := make_array(var,n);

varCOo = varcovar

> v := 0.005;

v:=.005

> COI := array([seq(v,I=1..n)]);
coi:=[.005 .005 .005

005 .005
005 .005 .005 .005 .005

005 .005 .005 .005 .005
005 005 .005 .005 .005 .005 .005}

> u = (0.002)2;

u:=.4 l()'5

> var := array([seq(u,i=1..n)]);

4105 4105 4107?

var=[4 105 410° 4105 410% 410° 410% 4107 4 107
4105 4105 4105 4105 4105 410° 4105 410

-5

4105 4105 4105 410 4 107]

b varCOI := make_array(var,n);

varCO1 = varcovar

. Carbonin Ash

5 Ca := 0.0486;

Ca:=.0486

> varCa := (0.25°Ca)"2;

varcCa :=.000147622500

Area for primary air

> apa :=.63;

apa :=.63

> varapa := (.013)*2;

varapa :=.000169

> v i=.2171;

005 .005



vi=.2171

> DPpa:= array([seq(v,i=1..n)]);
pPpa:=(.2171 2171 2171 2171 2171 2171 2171 2171 2171 2171
2171 2171 2171 2170 2171 2171 2171 2171 2171 2170 2171
2171 2171 2171)

> u:=0.02';
u :=.004342

> varDPpa := array([seq(u,i=1..n)]);
varDPpa :={.004342 004342 004342 004342 004342 004342 .004342
004342 004342 004342 .004342 004342 .004342 004342 004342
004342 004342 004342 004342 004342 004342 004342 004342
.004342)

> varDPpa := make_array(var,n);
varDPpa .= varcovar

> v = 1104;
v:= 1104

> Tpa:= array([seq(v,I=1..n)])%
Tpa:=[1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104
1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104
1104)

> u := 0.01*(v - 460);
u:=6.44

> var := array([seq(u,i=1..n)]);
var:=[644 644 644 644 644 644 644 644 644 644 644 644
6.44 644 644 644 644 644 644 6.44 6.44 6.44 644 6.44]

> varTpa := make_array(var,n);
varTpa .= varcovar

Results

0‘!“#!#..t“###“‘tt’#'#““.“t*.“‘.#!““"."t"#0!#"#‘#4‘00.‘#‘..0

> eval(TFluegasOUTa);

754792.2100
> eval(sigmaTFluegasOUTa);
47176.46258
> eval(100°sigmaTFluegasOUTa/T FluegasOUTa);
6.250258277
PYYT LTI T LI DL L L FYTI I LI L LY L L L L Py T T T I T LI L L L L L L L L L

(1

¥13
> m := (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
m:=28.74570417

#14
> PAFA := 14088.2'apa'CP'sqn(PSpa'm)‘sum((DPpa[i]{Tpa[i])"(1/2),l=1..n);
PAFA = 75035.78706

> PAFB := 14088.2‘apa‘CP'sqn(PSpa‘m)'sum((DPpa[l]/Tpa[I])"(1/2),l=1..n);
" PAFB :=75035.78706

#17

SFA = 5348840° Areal* CP*sqri(PSI) sum((DPI[i}/(M(i,A,0UHD,Ca,C,5,C0i,CO2,H, W
. ma,021,N,Mf)*TI[I])(1/2)"(1-MFG(i,A,0UHD,Ca,C,S,C0i,CO21,H,Wma,02,,N,Mf))"C
L 02i[i)/100,i=1..n):

#18

> FB .= 5348840° Areal* CPsqri(PSi)-sum((DPi[i}(M(i,A,0UHD,Ca,C,S,COI,CO2i,H,V
 ma,02i,N,Mf)*Ti[i}))*(1/2)(1-MFG(i,A,OUHD,Ca,C,S,C0l,CO2i,H,Wma,02i,N,Mf))"C
L 02i[i)100,i=1..n):

#19
> SA := FA/(FA+FB);
‘ SA := 5000000000
#20 T i
& SB := FB/(FA+FB);
SB 1= 5000000000

#21
> WPAIA := PAFA/(Wfe*SA);

WPAIA := 1295518557

#22
> WPAIB := PAFB/(Wfe'SB);

ch



WPAIB = 1.295518557

#23 .
> Cr := (A"OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);
Cr 1= 002947741741

>Cb:=C-Cr;
Cb:=.7351522583

> WAI := (28.02*(100-CO2avei-COavei-O2avei)(12.01 *(CO2avel+COavel))*(Cb+(12.0
> 1/32.07)*S)-N)/0.7685;

WAI = 1193169660

#24
> WMGI := 8.936*H + (Wma*WAI)+Mf;
WMG1 :=.6458272558

#25
> WGpl := ((44.01 *C0O2avel+32.02*02avel+28.01*COavel+28.02*(100-CO2avel-COav
> el-O2avel)¥/(12.01*(CO2avei+COavel))*(Cb+(12.01/32.07)"S));
wGpi = 12.38591870

#26
> WGI := WGpl + WMGH;

WG = 13.03174596

#27
> WAO :=( ((28.02*(100-CO2aveo-COaveo-O2aveo))/(12.01 *(CO2aveo+COaveo)))*(C
> b +(12.01/32.07)*S)-N)/0.7685;
wAo := 1193169660

#28
> WMGoO := 8.936°H + (Wma*WAO0) + Mf;
WMGo := .6458272558

#29
> WGpo := ((44.01*CO2aveo+32.02*02aveo+28.01 *COaveo0+28.02*(100-CO2aveo-C
> Oaveo-0O2aveo))/(12.01 *(CO2aveo+COaveo))*(Cb+(12.01/32.07)*S));
WGpo := 12.38591870

#30
> WGo := WGpo + WMGo;

WwGo := 13.03174596

#31

> AL := ((WGo-WGIYWGi)*100;

AL =0

#32

TFluegasINa := WGi*W(fe*SA;

TFluegasINb := WGi*W(fe*SB;

#33

> TFluegasOUTa := WGo*Wfe*SA;

TFluegasOUTa :=754792.2100

TFluegasOUTb := WGo*Wfe*SB;

>

g



Appendix G-2
Random Error Calculation

Fiue Gas Outlet Flow -- Zero Leak Case

>

>

" Random Error Propagation Calculations, Part B, TFluegasOUTa Zero Leak

Set no. of sample points

> n:i=24;
‘ n:=24

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

'r varcovar := array(1..n,1..n);

> for jtondo

> foritondo

> iti=j then

> varcovar[i,}] := sqrt(varfi]*var[j])

> else

> varcovarfi,j] :=0

ST

> od

> od;

> varcovar;

> end;
Warning, “varcovar®' is implicitly declared local
Warning, ‘3j° is implicitly declared local
Warning, "i° is implicitly declared local

make_array :=

proc(vax,n)

local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do

Oy

X
(ry



for i to n do
if i = j then varcovar[i,j] := sqrt(var[i)*var(]j})
else varcovar(i,j] := 0
K 2!
od
od;
varcovar
end

#4
> MFG := proc(x,A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A'OUHD"Ca)/(1-Ca) + (A*(1-OUHD)"Ca/3y/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
Warning, 'Cr' is implicitly declared local
wWarning, 'Cb° is implicitly declared local
wWarning, “K3' is implicitly declared local
Warning, K4 is implicitly declared local
Warning, "MFG' is implicitly declared local

MEFG =

proc{x,A,OUHD,Ca,C,S,C0,CO2,H,Wna,02,N, ML)
local Cr,Cb,K3,K4,MFG;
Cr :i= A*OUKD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb i1= C-Cr;
K3 := (Cb+.3744932959%S)/(12.01*C02(x]+12.01*CO[x]);
Kg ;=
8.936%H+Wma* (36.46063760*(100-CO[x])-CO2[x]-02([x])*K3-1.301236174*N)+Mf
3
MFG := .05550621670*K4/(.05550621670°K4+100*K3)
end

#6
> M := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*"OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936*H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016*°K4+K3*(288.08*CO2([x]+71.70*02[x]+50480.8))/(K4+1801.6°K3)

> end;

Warning, "Cr' is implicitly declared local
warning, "Cb' is implicitly declared local
Warning, 'K3' is implicitly declared local
Warming, "K¢' is implicitly declared local
Warning, 'M° is implicitly declared local

M=

proc(x,A,OUHD,Ca,C,8,C0,C02,H,Wna,02,N, M)
local Cr,Cb,K3,K4,M;
Cr :m A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb = C-Cx;
K3 1= (Cbhb+.3744932959%*S)/(12.01*C02([x]+12.01*CO[x]);
Kd 3=
8.936*H+Wma* (36.46063760*(100-CO[x]-CO2([x]-02(x])*K3-1.301236174"*N

’
M ;= (18.016*K4+K3*(288.08*C02([x]}+71.70*02([x]+50480.8 ))/(Ké+1801.6
end

#5

O2aveo :=
sum((DPo[i}/(Toi]*M(i,A,OUHD,Ca,C,S,C00,C020,H,WWma,020,N,MN))*(1/2)*(1-MFG
(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,MM)*020[i},i=1..n)/sum((DPo[i}/(To[i}*Mt:
JA,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,Mf)))~(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,CO
0,C020,H,Wma,020,N,Mf)),i=1..n);

Oavei :=
sum((DPi[i)/(Ti[i}*M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,MN))*(1/2)*(1-MFG(i.
A,OUHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,MN)*02ili),i=1..n)/sum((DPi[i /(Ti[i]*M({i,A,O
UHD,Ca,C,S,C0i,C0O2i,H,Wma,02i,N,MN))~(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,CO2i.
H,Wma,02i,N,Mf),i=1..n);

#7

CO2aveo :=
sum((DPo[i}/(Toli]*M(i,A,O0UHD,Ca,C,S,C00,C020,H,\Wma,020,N,MN))*(1/2)*(1-MFG
(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,M0N)*CO20[i},i=1..n)/sum((DPo(i}/(To[i]*
M(i,A,OUHD,Ca,C,S,C00,C0O20,H,Wma,020,N,MMN))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S.
C00,C020,H,Wma,020,N,MN),i=1..n);

J\
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CO2avei :=

sum((l)l’i[i]/(Ti[i]“M(i,A,OUllD,Ca,C,S,COi,COZi,ll,Wma,OZi,N,MD))"( 172)*(1-MFG(j,
A,OUHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,MN)*CO2i(i],i=1..n)/sum((DPi[i}/(Ti[i]*M(,A,
OUHD,Ca,C,S,CO0i,CO2i,H,Wma,02i,N,M0))~(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,CO
2i,H,Wma,02i,N M) i=1..n);

#8

COaveo :=
sum{(DPo[i}/(To{i]*M(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,MN))*(1/2)*(1-MFG
(i,A,0U HD,Ca,C,S,C00,C020,H,Wma,020,N,MN)*COo[i},i=1..n)/sum((DPo[i}/(To[i}*M(
i,A,0UHD,Ca,C,S,C00,C020,H,Wma,020,N,MN))*(1/2)*(1-MFG(i,A,0UHD,Ca,C,S,CO
0,C020,H,Wma,020,N,MMN),i=1..n);

COavei :=
sum((DPi[i)/(Ti[i}*M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,MN))*(1/2)*(1-MFG(i,
A,0UHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,MN)*COi(i},i=1..n)/sum((DPi[i}/(Ti[i]*M(i,A,0
UHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,MN))~(1/2)*(1-MFG(},A,OUHD,Ca,C,S,C0i,CO2i,
H,Wma,02i,N,Mf)),i=1..n);

#13
. > m:=(Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
28.97 wma + 28.97

M= "1.608015098 wma + 1
#14
> PAFA := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpali}/Tpa[i])*(1/2),I=1..n);
D D
- 140882 apa Cp | PSEA (2897 hma+2897) g N e
PAFA = 14088.2 apa 1608015098 wma + 1 Tpa, Tpa,
D
5 DPpa6 DPpa_l DPpa8 Ppa9
+ + + A
ma Tpa, Tpag Tpag Tpa, Tpag 9
DPpa DPpa Ppa 12 DPpa 13 DL—"pa14 DPpa 15
+ + prepaanbl s
pa, Tpa, | s
brpa . [Dfpa, |DFpa,, |DFpay
+ + + *|~mpa
Tpa g Pa, Tpa, 21
DPpa DPpa Ppa24
+ o
24

> PAFB := 14088.2*apa‘CP*'sqrt(PSpa*m)*sum((DPpa[i)/Tpafi])*(1/2).i=1..n);
|

f DP; DP,
 ArE = 140882 apa cp | FSPA (2897 wna+28.97) P
= = apa 1608015098 wma + 1 Tpa, Tpa_
DP, D DP, D D DP DPp.
pa3 de4 pas Ppaﬁ Ppa7 pas p-l‘
+ + + + + + Tpa + —q—g
a
Tpa, Tpa, Tpag Tpag pa, 8 Y
DP, D DP; D D DP
P10 Fpa | Pay fpay Fpa 4 A
+ + + + + — + o,
a
pa, Pay Tpa, Tpa, Pa,
DP, D D D. P DP,
. Pas .\ Ppa, Fpa,y Fpa, | DFpa,, Pa,,
Tea ¢ pa), pa pa,, Tpay, Tpa,|
D. D. D
o, P2y) PP2y3 P24
Tpa Tpa, Tpa,,
#17

> FA := 5348840"Areal*CP*sqrt(PSI)*sum((DPi[i}/(M(i,A,OUHD,Ca,C,S,C0i,C0O2i,H,W
> ma,02l,N,Mf)*Ti[i}))*(1/2)*(1-MFG(Il,A,OUHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,Mf))*C
> 02i[i}/100,i=1..n):

#18

> FB := 5348840*Areai*CP*sqrt(PSi)*sum((DPi[i}(M(i,A,OURD,Ca,C,S,COI,C0O2i,H,W
> ma,02,N,M1)*Ti[i})}*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,Mf))*C
> 02i[iy100,l=1..n):

i

!

#19
> SA := FA/(FA+FB);
|
SA = 5
#20
> SB := FB/(FA+FB);
1
SB = 5

A



#21
> WPAIA := PAFA/(Wte'SA);

A OUHD Ca I A (l—-0OUHD) Ca
Cr:= + =

| - Ca 3 I—-l-C
3 Ca
>Cb:=C-Cr;
A OUHD Ca 1 A (l—-OUHD) Ca
Cb:=C- -
l-Ca 3 ) -I-C
3 a

> WAI := (28.02*(100- C02avei-COavel-O2avei)/(12.01*(CO2avei+COavei))"(Cb+(12.0
> 1/32.07)*S)-N)/0.7685;
WAL = 36.46063760 (100 - CO2avei - COavei - O02avei)
_AOuHD Ca | A (! - OUHD) Ca

l-Ca 3 l—lC
3 Ca

+.3744932959 s |/(

12.01 co2avei+ 12.01 Coavei)-1.301236174 N

#24

Ppa DPpa
. . PSpa (28.97 wma +28.97)
WPAIA :=28176.4 apa CP f | 608015098 Wma + 1 ' Tpa
DPpa 3 DPpa4 DPpaS DPp Ppa 9
+ + |2 + 'Ipa * |~ * | "ipa
7 pay R pag 6 7 8 9
’ D DPF;
Depa , |DPpa = |DPpa, |Dfpa, Fpa,, Pa)s
+ e * s *|"a Al e
pa, Tpa, 12 13 , 15
DPpal 6 DPpa 17 DPpa 18 DPp‘a19 DPpa 20 Df’pa21
+ + + A RN
Teaq Tpa ., Tpa g Pag 0 21
DPpa 22 DPpa 23 DPpa 24
+ + + " Wfe
ay, Tpa,, Tea),
W22
> WPAIB := PAFB/(Wfe'SB);
D. D.
oaln-e 281764 apa cp |-FSPA (2897 Wna+89T) Nt WO
= 4 apa 1.608015098 wima + | Tpa, Tpa,
, DPpa 3 DPp.a4 DPpa 5 DPpa 6 DPpa7 DPpa 8 DPpa9
+ + + | ma * | ~5oa * | a
Tpa, Tpa, Tpag Tpag 4 8 9
D.
DPpa . |DPpa [DPpa, |DPpa,  Dfpa, Fpa, s
+ + Tt | ">a + oa + pes
P2, Tea Tpa), 13 14 15
y DP, P, DP, DP,
DFpa, o | bfpa, Ppa,, | DPpayy P Py,
+ + + + | >a
Tpaq Tpa,, Tpaq Tpa, TPy, 21
Dfpa), | DPpa,, |DFpa,,

+ + Wfe
Pa,, Tpay, Tpa,,

#23
> Cr := (A*"OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

> WMGI := 8.936*H + (Wma*WAI)+Mf;
WMGi :=8.936 H+ wma | 3646063760 (100 - CO2avei - COavel — 02avel)
_AOUHD Ca | A (l-OUHD) Ca

= 95¢
I—ca 3 +.3744932959 sl/(

1
1—5 Ca

12.01 co2avei + 12.01 Coavei) - 1.301236174 N |+ Mf

|

#25

> WGpI := ((44.01"CO2avei+32.02*02avel+28.01*COavel+28.02*(100-CO2avei-COav
> el-O2avel)}(12.01*(CO2avel+COavei))*(Cb+(12.01/32.07)*S));
WGpi:= (1599 co2avei+4.00 02avei~.01 COavei+ 2802.00))
_AOUHD Ca 1 A (l-0UHD) Ca

- . 29
= ca 3 +.3744932959 s |/(

l—% Ca

12.01 co2avei +12.01 Coavei)

#26

> WGI := WGpi + WMGI;
WGi := (1599 co2avei +4.00 O2avei—-.01 COavei +2802.00)

S
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¢ A OUHD Ca 1
| -cCa 3 1
l-= ca

e 3

A (1 -0OUHD) ca

+.3744932959 s |/(

1201 co2avei +12.01 COavei)+8.936 H+ wma 36.46063760

(100 - cozavei - coavei — Oavei)
c A OUHD Ca _l A (1 -0UHD) Cca

l-ca 3

1 +.3744932959 s |/(
1 —‘5 Ca

1201 co2avei +12.01 COavei) - 1.301236174 N |+ MF

#27

> WAoQ :=( ((28.02‘(100~CO2aveo-COaveo—02&veo))l(1 2.01
>b+ (12.01/32.07)‘8)-N)/0.7685;

WAo :=36.46063760 (100 - CO2aveo - COaveo - O2aveo)

c A OUHD Ca 1 A (1 -0UHD) Ca

1-ca 3

+.3744932959 s |/(
1 -3 Ca

1201 co2aveo + 12.01 COaveo) - 1.301236174 N

'(C02aveo+COaveo)))'(C

#28

> WMGo := 8.936'H + (Wma*WAo) + Mf;

WHGO := 8.936 H+ Wma 36.46063760 (100 - CO2aveo - COaveo ~ 02aveo)

c A OUHD ca | A (1 -0UHD) ca

l-ca 3

] +.3744932959 s l/(
1—5 Ca

12,01 cozaveo + 12.01 COaveo) - 1301236174 N +M£

A OUHD Ca | A (1-0UHD) Cca

1-ca 3

+.3744932959 s [/(

1
|—§ Ca

1201 cozaveo + 12.0] COaveo)

#30

> WGo := WGpo + WMGo;

!

|

WGo :=(15.99 CO2aveo + 4.0 O2aveo - .01 COaveo + 2802.00)
c A OUHD Ca l A (1 - OUHD) Ca

l-cCa 3 llC
3 Ca

+.3744932959 s{/(

12.01 cozaveo + 12.01 COaveo) + 8.936 H+ wma 36.46063760

(100 - co2aveo - COaveo ~ 02aveo)
c-AOUHD Ca | A (1-0UHD) ca

l-~ca 3 I——IC
3 a

+.3744932959 s |/(

12,01 cozaveo + 12.0} COaveo) - 1.301236174 N |+ Mf

#31

>

#29

> WGpo := ((44.01 'Cozaveo+32.02‘02aveo+28.01 *COaveo0+28.02*(1 00-CO2aveo-C
> 03veo-02aveo))/(1 2.01 "(Cozaveo+C0aveo))'(Cb+( 12.01/32.07)*s));

WGpo := (1599 co2aveo + 4.00 O2aveo - .0l Coaveo + 2802.00)

AL := ((WGo-WGIYWGI)*1 00;

(15.99 cozaveo +4.00 02aveo - .0l CoOaveo + 2802.00) %]
AL =100
12,01 co2aveo + 12.01 COaveo

+ Wma (36.46063760 (lOO—CO2aveo—-COaveo—-OZaveo) %1

- 1301236174 :
12.01 co2aveo+ 12.0] COaveo 301236
_ (15.99 cozavei +4.00 O2avei -.0l coavej +2802.00) %1
%2
B . L i
~ Wma (36.46063760 {10 - cozavei C;‘;"“ 22aved) BL _ sm2s6i7s
(
. . 4 or0y
)/( (15.99 cozavei +4.00 OZav;: .01 COavel +2802.00) %I +8936 K
_ . i — 02 .
+ Wma (36.46063760 (100 - cozave C;;"e‘ Q2aveld) ®l 301236174 ;
0

ot
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’ A OUHD Ca | A (1—OUHD) Ca
wl=c- I-ca 3

n +.3744932959 S
1 -3 Ca

%2 := 12.01 co2avei +12.01 Coavei

#33

> TFluegasOUTa := WGo*Wfe*SA;

TFluegasOUTa :=% (15.99 co2aveo +4.00 O02aveo—.0l Coaveo+ 2802.00)

A OUHD Ca 1 A (|- OUHD) Ca
1 -cCa 3

-= ) +.3744932959 s |/(
1 ~3 Ca

12.01 co2aveo + 12.01 Coaveo)+ 8936 H+ Wma [36.46063760

(100 - co2aveo - COaveo — 02aveo)
A OUHD Ca l A (1 — OUHD) Ca

l-Ca 3

N +.3744932959 s |/(
1—3 Ca

12.01 co2aveo+ 12.01 CcoOaveo) - 1301236174 N}+Mt’} wfe

> sigmaTFluegasOUTa := sqrt(

v

Diff(TFluegasOUTa,CO2avel)*2*varCO2avel +

v

Diff(TFluegasOUTa,COavel)~2*varCOavel +

DIf{(TFluegasOUTa,02avel)*2'varO2avel +

v

v

Ditf(TFluegasOUTa,Wte) 2 varWfe +

> Diff(TFluegasOUTa,Areai)*2*varAreal +

> Diff(TFluegasOUTa,CP)*2*varCP +

> Diff(TFluegasOUTa,PSi)*2*varPSi +

> DIff(TFluegasOUTa,A)"2"varA +

\\v |

> Diff(TFluegasOUTa,OUHD)*2*varOUHD +

> Ditf(TFluegasOUTa,Ca)~2"varCa +

> Ditf(TFluegasOUTa,C)*Diff(T FluegasOUTa,C)*varC +

> Diftf(TFluegasOUTa,S)*Diff(TFluegasOUTa,S)*varS +

> Ditf(TFluegasOUTa,H)*Ditf(TFluegasOUTa,H)*varH +

> Diff(TFluegasOUTa,Wma)*Diff(T FluegasOUTa,Wma)‘varWma +

> Dift(TFluegasOUTa,N)*Diff(TFluegasOUTa,N)*varN +

> DIitf(TFluegasOUTa,Mf)*Ditt(T FluegasOUTa,Mf)*varMf +

> sum(

> DIff(TFluegasOUTa,DPI[l])* Ditf(T FluegasOUTa,DPIi[i])*varDPI[i,i] +

b Diff(TFluegasOUTa,Ti[i})* Diff(T FluegasOUTa,Ti[i])*varTi[i,i] +

v

Diff(TFiuegasOUTa,COI[i])" Diff(TFluegasOUTa,COI[i})*varCOI(L,[] +

v

Dift(TFluegasOUTa,CO2i[i})*Dift(T FluegasOUTa,CO2i{i])*varCO2ifi,i] +

Diff(TFluegasOUTa,02i[i])* Diff(TFluegasOUTa,02i[i])*var02i[i,i]

Vv

J=1..n)):

vV

i> sigmaTFluegasOUTa := value("):

Constants

Averages and Random Error Variances (Copied from Part A -- function of sample size n)

. > CO2avel := 15.2148;

co2avel = 15.2148

> varCO2avei := .10242;
varco2avei :=.010404

> COavel :=.005;
Coavel = .005

LN
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> varCOavel :=.0002"2;

varcoavei := 4 10_7

> O2avel := 3.8;
O2avei :;=3.8

> varO2avel := .0111842;
varoO2avel :=.0001249924

> CO2aveo := 15.2148;
CO2aveo := 152148

> varCO2aveo := .0866"2;

varco02aveo :=.00749956

> COaveo :=.005;

CoOaveo ;= .005

> varCOaveo := .000204+2;
varcCoOaveo = 41616 IO'7

> O2aveo := 3.8;
02aveo:=3.8

> varO2aveo :=.010206°2;
varoO2aveo :=.000104162436

Constants for Random Error Propagation

Coal Feed Rate (Ibs/hr) re

> Wfe := 115839;
Wfe := 115839

> varWfe := (0.0025*Wfe)*2;
varWfe :=83866.71200

Area (square ft) re

> Areal := 3.99;
Areai =399

> varAreal := (0.0335*Areai)"2;
varAreai :=.01786633223

> Areao := 3.54;
Areao :=3.54

> varAreao := (0.0364Areao)"2;
varAreao :=.01660386874

Pitot Coefficient re
> CP:= 0.84;

CcP:=.84
> varCP := (0)*2;
varcp:=0
. Pressure Ambient or Barometric re
> PSi := 29.23;
' PSi=29.23

> varPSi := (0.04)"2;
varpPSi :=.0016

> PSo :=29.1;
PSo :=29.1

> varPSo := (0.04)42;
varPSo :=.0016

Pressue for primary air

“'> PSpa := 31.11;

: PSpa :=31.11
> varPSpa := (0.04)2;

varPSpa = .0016

Velocity Head DP re
> v :=.45802;

v:=.45802

> DPo := array({seq(v,i=1..n)]);
DPo :=[.45802 .45802 45802 45802 .45802 .45802 .45802 45802 45802
45802 45802 45802 45802 45802 45802 45802 45802 45802 S
45802 45802 .45802 45802 .45802]
> u:=.00005°2;

u:=.25 1078

> var := array([seq(u,i=1..n)]);
var:=[.25 108 25 108 25 108 25 108 25 10® 25 108 25 10°
25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 10
25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 w0

8



25 108]
> varDPo := make_array(var,n);
varDPo = varcovar

> v :=.82831;
v:=.82831

> DPI := array([seq(v,I=1..n)});
ppi :=[.82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831 .8283l
.82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831
.82831 .82831 .82831 .82831 .82831]

> u:=.0000542;

u:=25 1078

> var := array([seq(u,l=1..n)]);
var:=[.25 108 25 108 25 108 25 108 25 108 25 108 25 108
25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 108
25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 1078

25 10°8]
. > varDPI := make_array(var,n);

varDPi := varcovar

>

s > vi=.2171;
v:=.2171

> DPpa := array([seq(v,i=1..n)});
DPpa:=(.2171 2171 2171 2171 2171 2171 2171 2171 2171 2171
2171 2171 2171 2171 2171 2170 2171 2171 2171 2171 2171
2171 2171 2171)
> u := (0.00005)"2;

> var := array([seq(u,i=1..n)]);
var:=[.25 108 25 108 25 108 25 108 25 108 25 108 25 108
25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 10
25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 108

25 10°8]
,/ > varDPpa := make_array(var,n);

-8

varDPpa = varcovar

> v:= 1104;
v:= 1104

> Tpa := array([seq(v,i=1..n)]);
Tpa:=(1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104
1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104

1104)
|> u := (0.005%(v - 460))*2;

u := 10.368400

> var := array([seq(u,i=1..n)]);
var :=[10.368400 10368400 10.368400 10368400 10.368400 10.368400
. 10.368400 10.368400 10.368400 10.368400 10.368400 10.368400 10.368-00
10.368400 10.368400 10.368400 10.368400 10.368400 10.368400 10.368400)
10.368400 10.368400 10.368400 10.368400]
> varTpa := make_array(var,n);
varTpa .= varcovar

Temperature (R) re
>v:=T13;

v:=T13

> To := array([seq(v,i=1..n)});

To:=[713 713 713 713 713 713 713 713 713 713 713 713 713 71
713 713 713 713 713 713 713 713 713 713}

L u := (0.005*(v-460))~2;

u := 1.600225

> var := array([seq(u,i=1..n)]);
var:=[1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225
1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.60022
1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.60022
1.600225]
> varTo := make_array(var,n);

varTo = varcovar

!/ > vi=1140;

vi= 1140

> Ti:= array([seq(v,i=1..n)});
Ti:=[1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140
1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140
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1140]
> u := (0.005*(v-460))"2;

u = 11560000

> var := array([seq(u,i=1..n)]);
var:=[11.560000 11.560000 11.560000 11.560000 11.560000 11.560000
11.560000 11.560000 11.560000 11.560000 11.560000 11.560000 11.560000
11.560000 11.560000 11.560000 11.560000 11.560000 11.560000 11.560000
11.560000 11.560000 11.560000 11.560000)
> varTl := make_array(var,n);

varTi := varcovar

Moisture in Ash re
> Mf :=0.06;

Mf£:=.06
> varMf := ((0.2+0.12*Mf*100)/(2*1.414"100))"2;
varMf :=.00001058319613

Ash re
> A:= 0.0619;

A:=.0619
> varA := (( 0.07+0.02*A*100)/(2*1.414°100))*2;

varA :=.4696223261 10

-6

Overhead re
> OUHD := 0.9;

OUHD:=.9

> varOUHD := (0.1*OUHD)~2;
varOUHD := .0081

Carbon re
> C:=0.7381;

C:=.7381

> varC := (0.64/(21.414°100))"2;
varC:= 5121546706 107

Hydrogen re
> H:=0.0482;

H:=.0482

> varH := (0.16/(2°1.414"100))"2;

varH := 3200966692 107

Nitrogen re
> N :=0.0135;

N:=.0135

> varN := (0.11/(2°1.414*100))"2;
varN:=.1512956913 1076

Sulfur re
> S:=0.0123;
S:=.0123
-> vars := ((0.06+0.035‘S'100)/(2'1.414'100))"2;
vars:=.1327813813 1076
CO2 re
> v := 14.145;

v:=14.145

> CO20 := array([seq(v,i=1..n)});
CO20:=[14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145
14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 4.1+
14.145 14.145 14.145 14.145 14.145]
> u:=(0.03*v)*2;

u :=.1800729225

> var := array([seq(u,i=1..n)]);
var :=[.1800729225 .1800729225 .1800729225 .1800729225 .1800729225
1800729225 .1800729225 .1800729225 .1800729225 .1800729225 .180072922%
1800729225 .1800729225 .1800729225 .1800729225 .1800729225 .180072922*
(1800729225 .1800729225 .1800729225 .1800729225 .1800729225 .180072922°
1800729225

> varC0O20 := make_array(var,n);
varCO2o .= varcovar

> v :=15.2148;
v:=152148

> CO2l := array([seq(v,i=1..n)]);
c021i:=[152148 152148 152148 15.2148 15.2148 152148 152148 15.214:
15.2148 152148 152148 152148 15.2148 15.2148 152148 152148
152148 152148 15.2148 152148 152148 152148 152148 15.2148]
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> u:=(0.03'v)"2;
u :=.2083411251

> var := array({seq(u,i=1..n)});
var :=[.2083411251 .2083411251 2083411251 .2083411251 2083411251
2083411251 2083411251 2083411251 .2083411251 2083411251 .2083411251
2083411251 .2083411251 2083411251 .2083411251 2083411251 .2083411251
2083411251 2083411251 2083411251 2083411251 2083411251 2083411251
2083411251

> varCO2il := make_array(var,n);

varCo021 := varcovar

02 re
>v:=5;

> 020 := array({seq(v,i=1..n)});
020:=

[555555555555555555555555]

> u:= (0.05)42;
u:=.0025

> var := array([seq(u,l=1..n)]);
var:=[.0025 .0025 .0025 .0025 0025 .0025 .0025 .0025 .0025 .0025

0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 0025 .0025 .0025
0025 0025 .0025]
> varO2o0 := make_array(var,n);

var02o .= varcovar

> v:=3.8;
v:=38

> 02i := array([seq(v,i=1..n)]);
02i:={38 38 38 38 38 34 38 38 38 38 38 38 38 38 38

) 38 38 38 38 38 38 38 38 38]
> u:= (0.05)*2;

u :=.0025

> var := array([seq(u,i=1..n)});
var :={.0025 .0025 .0025 .0025 0025 .0025 .0025 .0025 .0025 .0025
0025 0025 .0025 .0025 .0025 .0025 .0025 0025 .0025 .0025 .0025

0025 0025 .0025)
i > varO2l := make_array(var,n);

var0O21 := varcovar

Moisture (air) re
> Wma := 0.013;

wma :=.013

> varWma := (.2*Wma)*2;
varwma :=.676 IO'S

CO re
> v := 0.004;

v:=.004

> COo := array([seq(v,i=1..n)]);
Coo:=[.004 .004 .004 .004 .004 .004 004 004 .004 .004 .004 004

: 004 004 004 .004 004 .004 .004 .004 .004 .004 004 .004)
> u:=(0.001)*2;

wi=.1 107

r var := array{[seq(u,i=1..n)]);

var:=[.1 105 1105 1 10% 110 0107 10 1 10° 007
110 4105 4105 0 a0 a0 a0 a0
1105 1105 0105 10 108 105 005 0]

> varCOo := make_array(var,n);
varCoOo .= varcovar

!

> v = 0.005;

i v :=.005
|

> COl := array([seq(v,i=1..n)});
coi:=[.005 .005 .005 .005 005 .005 .005 .005 .005 .005 .005 .00%
005 .005 .005 .005 005 .005 .005 .005 005 .005 .005 .005])

> u:= (0.001)"2;

wi=.1 107

> var := array([seq(u,i=1..n)]);

C var=[1 10 105 1108 a0 a0 105 103
110 105 105 10 a0 10 a0 107
1105 1105 4105 108 a0 a0 a0 10°5]

> varCOl := make_array(var,n);

varCOi ;= varcovar

(,ﬂ\
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Carbonin Ash re

> Ca := 0.0486;
ca:= 0186

> varCa := (0.1°Ca)*2;
varCa := .0000236196

Area for Primary Air re

/> apa := 0.63;
apa :=.63

> varapa := (0.0208"apa)~2;
: varapa := 000171714816

Results

"“‘.“...'t“."#..!.‘#t'0“#“Ot“t0.00‘Q‘“..‘0'.“0#““““‘..“0‘0

> evalf(TFluegasOUTa);

: 754792.2100
'> evalf(sigmaTFluegasOUTa);
3463.473784
> evalf(100*sigmaTFluegasOUTa/TFluegasOUTa);
4588645376

0'..‘4‘...‘!‘#“‘0‘0t0““!‘t‘.t.O‘#"00‘0OO#““.t‘.t‘.#"““.“‘.'v#“

>




>

>

Error Propagation Calculations, Part B, TFluegmlﬂ? ey

Set no. of sample points

> n:=24;
n:=24

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

> for jto n do

> foritondo

Appendix G-3

> varcovar[i,j] := sqrt(var[i]*var[j])

Bias Error Calculation

Flue Gas Outlet Flow -- With Leak Case > od

> od;

|> varcovar;

i> end;
Warning, ‘varcovar® is implicitly declared local
warning, "3 is implicitly declared local
warning, ‘i is implicitly declared local

make_array 3=

proc(var,n)
local varcovar,j,i;
varcovar := array{(l .. n,1 .. n);
for j to n do
for i to n do varcovar[i,j] := sqrt(var{il*var(j]) od
od;
varcovar
end

#4

> MFG := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)



S Cr := (A*OUHD*Ca)/(1-Ca) + (A'(1-OUHD)‘CaIS)I(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01*5/32.07)/(1 2.01*(CO2(x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(1 OO—CO[X]-COZ[x]-02[x])'K3-N)IO.7685)+M1;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
warning, ‘Cr’ is implicitly declared local
warning, ‘Cb° is implicitly declared local
warning, K3 is implicitly declared local
warning, 'Ké® is implicitly declared local
warning, 'MFG" is implicitly declared local

MG 1=

proc (x,A,OUHD, ca,c,s,cCo, Cco2,H,wWma,02,N,ML)
local Cr,Cb,K3, K4, /MFG;
Cr := A*OUHD*Ca/(1- -Ca)+1/3*A*(1- _OUHD) *Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 3= (cb».3744932959's)/(12.01'coz(x1+12.01-c0[x1);
Kb 3=
8.936*H+Wma* (36. 46063760* (100~ CO[x]—COZ(x]-02[xl)'K3~1.301236176'N)¢H!

HIG - .05550621670'K4l(.05550621670'K4*100°KB)
end

#6
>M:= proc(x,A,OUHD,Ca.C,S,CO,COZ,H,Wma,O2,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A‘(I-OUHD)‘Ca/S)IU-CaIS);

>Cb:=C-Cr;

> K3:= (Cb+12.01‘$/32.07)l(12.01'(CO2[x] + CO[x]));

> K4 := 8.936'H + Wma'((28.02'(100-CO[x]-CO2[x]-02[x])'K3-N)IO.7685)+M!;

>M:= (18.016'K4+K3'(288.08'C02[x]+71.70‘02[x]+50480.8))/(K4+1801.6‘K3)

> end;
warning, ‘Cr’ is implicicly declared local
wWarning, 'Cb’ is implicitly declared local
warning, 'K3° is implicitly declared local

warning, 'Ké' is implicitly declared local
warning, ‘M’ is implicitly declared local

M 3=

ptoc(x,A,OUHD,Ca,C,S,Co,CO2,H,NmA,02,N,M£)
local Cr,Cb,K3,Ké,M;
Cr 1= A'OUHD'C;/(1-Ca)fl/3'h‘(1-0UHD)‘CA/(1-1/3'C;)J
Cbhb := C-Crj
K3 := (cb+.37t4932959's)/(12.01'C02[x]+12.01'c0lx])i
K4 :=
8.936'ufwna'(36.46063760'(loo-colx]-602[x1-02[x])'x3-1.301236174'n

H
M = (18.016'K4¢x3'(288.08‘c02[x1071.70'02[x]oSO(BO.B ))/(Ké+1801.6
end

#13
:= (Wma * 28.97+28. 97)/((Wma*28.97/18. 016)+1);
f 28.97 wma +28.97
1.608015098 Wma + 1

m:=

#14
> PAFA = 14088.2"apa‘CP*sqrt(PSpa’ m)-sum((DPpaliyTpa[i])*(1/2)i=1..n);

pspa (28.97 wma +28.97)
P. = . P
AFA = 140882 apa C f 1.608015098 ma + 1 [ma I
Dl-"pa3 DPpa
Tpa3 Tpa
DPpa DPpa
+
Tpa ’Ipa 'Ipa
! DPpa a5,
+ 20
a ’Ipa
a DPpa DPp
+
, a TP

> PAFB := 14088.2'apa'CP‘sqn(PSpa'm)'sum((DPpa[I]ITpa[l])’*(112),i=1..n);

DPpa DPpa DPpa DPpa8 DPpa

+

m

m

U\
U\
N



DPpa DPpa
PSpa (2897 wma+ 28.97) 1 2

1.608015098 wma + 1 Toa, * " 1pa

PAFB := 14088.2 apa CP]
2

DPpa Ppa 5 DPpa6 DPpa_’ DPpaS DPpa 9
+ + + >
Tpag Tpa, Tpa, Tpag 9
DPpa DPpa 12 DPpa 13 DPpa 14 DPpa 15
+ + +
7‘” Tpa , Tpa , pa , pa g
D
Dfpa . | PPPag, FPayy | PFPay
Tpa o Tpa, Tpa Tpa
DPpa DPpa 24
+ + —+ e
710"22 Tpa), 24
#17

> FA := 5348840" Areal*CP*sqrt(PSi)*sum((DPi[i}/(M(i,A,OUHD,Ca,C,S,COI.CO2l H.W
> ma,021,N,M1)*Ti[I]))*(1/2)*(1-MFG(i,A,0UHD,Ca,C,S,COI,CO2],H,Wma,02i,N,Mf))*C
> 02i[i)100,i=1..n):

418
> FB := 5348840* Areai*CP*sqrt(PSi)*sum((DPi[i}J(M(i,A,OUHD,Ca,C,S,COi,CO2i,H,W
> ma,021,N,M1)*Ti[i]))*(1/2)*(1-MFG(I,A,OUHD,Ca,C,S,COI,CO2l,H,Wma,02i,N,Mf))*C
> 02i[i)y100,i=1..n):

#19
> SA := FA/(FA+FB);
|
SA = '2'
#20
> SB := FB/(FA+FB);
1
SB .—5

#21
> WPAIA := PAFA/(Wfe*SA);

DPj DP,
281764 apa cp | PSPA_(BIT wina+ 2897) 22 P
WPAIA = 281104 apa 1.608015098 wma + 1 Tpa, Tpa,
DPpa3 DPpa4 DPpa5 DPpa 6 DPpa_] DPpa 8 Dl»"‘pﬁl
+ + + + * | ~a —
Tpa, Tpa, Tpag Tpag Tpa, 8 N
DP; DPpd
DPpam DPpall . DPpal2 . DPpa13 . paM pdlS
+
a, Pa pa,, Tpay pa, Tpa
D.
DPpa16 DPpa17 . DPpal8 . DPpal9 . DPpazo Ppa21
+ +
Tpa pa, Tpa g Tpa,y Tpay, P2,
| Dfpa,, | DPpa,; |DPpa,,
+ + Wfe
a
Tpay, Tpay, Tpa,,
722
> WPAIB := PAFB/(Wfe*SB);
DPpa Dfpa
281764 cp | BSPa (2897 wma+2897) Pey Py
WPAIB:=  apa 1.608015098 wma + | Tpa Tpa,
DPpa 3 DPpa4 DPpa 5 DPpa6 DPpa7 DPpa 3 DPpa
+ + + + + + -
’1pa3 ’Ipa Tpa7 '.'pa8 Tpay
D
DPpal O DPpa DPpal 3 . DPpaI 4 PpalS
+
P2 P2y pa paq
DP,
DPpal 6 Dl-"pa19 DPpa2 0 pa, 21
* * Tpa * 1pa
m’ls pa, Py 21
DP,
DPpan pa
mazz
#23

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

o



A OUHD Ca +| A (1 - OUHD) Ca

Cr .=

l-Ca 3 ]__I_ c
3 a
b:=C-Cr;
A OUHD Ca 1 A (1l -0OUHD) Ca
Cbh:=C-— -=
l-cCa 3 1
1—5 Ca

Al := (28.02*(100-CO2avei-COavei-O2avei)/(12.01*(CO2avel+COavei))*(Cb+(12.0
32.07)*S)-N)/0.768S;
WA1 := 3646063760 (100 - CcO2avei — COavei — O2avei)
_AOUHD ca 1 A (1-0OUHD) Ca + 3744932059 5|/

l-cCa 3 l——l- ca
3

12.01 co2avei + 12,01 Coavei)- 1301236174 N

4
MGI := 8.936'H + (Wma*WAIl)+Mf;

WMGI :=8.936 H+ wWma | 36.46063760 (100 — cO2aveli — COavei —- O2avel)

A OUHD Ca l A (1 - OUHD) Ca

+.3744932959 s
l1-cCa 3 (

1
1—5 Ca

12.01 co2avei+ 12.01 CoOavei)- 1301236174 N |+ Mf

5
Gpl := ((44.01*CO2avei+32.02*0O2avel+28.01*COavei+28.02*(100-CO2avei-COav
‘O2avei)y(12.01*(CO2avel+COavei))*(Cb+(12.01/32.07)*S));
WGp1:= (1599 Colavei+4.X) 02avei~-.(1 COavei + 2802.00)
_ A OUHD Ca | A (l-OUHD) Ca

-3 37449
— 3 +.3744932959 5 |/(

1—5 Ca

12,01 co2avei+ 12.01 COavei)

6
Gi := WGpl + WMGI;
WGi := (1599 co2avei+4.00 0O2avei—-.0l1 COavei +2802.00)

_AOUHD Ca 1 A (1-0UHD) Ca 4144037959 |/
l-Ca 3 !
l—'j Ca

12.01 co2avei+ 12.01 COavei)+8.936 H+ Wma [36.46063760

(100 - co2avei — COavel — O2avel)
A OUHD Ca 1 A (1-OUHD) Ca +.3744932959 5 |/(

| -Ca 73 l—l ca
3

12.01 co2avei +12.01 Coavei)-1.301236174 N |+ Mf

#27

> WAO :=( ((28.02*(100-CO2aveo-COaveo-02aveo))/(12.01*(CO2aveo+COaveo)))*(C
> b +(12.01/32.07)*S)-N)/0.7685;
wAo = 36.46063760 (100 - CO2aveo - COaveo — 02aveo)
c- A OUHD Ca 1 A (1-OUND) €2, 1744932959 s|i(

1-cCa 3 l__l_ Cca
3

12.01 co2aveo+ 12.01 coaveo)- 1301236174 N

#28
> WMGo := 8.936*H + (Wma*WAo) + Mf;

WMGo := 8.936 H+ Wma | 36.46063760 (100 — cO2aveo - COaveo — O2aveo)

A OUHD Ca | A (1-0OUHD) Ca

+.3744932959 s
| -Ca 3 /(

-1 ¢
3 a

12.01 coz2aveo+ 12.01 coOaveo) - 1.301236174 N |+ Mf

#29
> WGpo := ((44.01*CO2aveo+32.02*02ave0+28.01*COave0+28.02*(100-CO2aveo-C

> Oaveo-02aveo0))/(12.01*(CO2aveo+COaveo))*(Cb+(12.01/32.07)*S));
WGpo :=(15.99 CcO2aveo+4.00 02aveo- .01 Coaveo +2802.00)

I



A OUHD C. 1 A (l-OUHD
- Ao O ( ) Ca | 3744932959 s /¢

1
l—g Ca

12.01 co2aveo +12.0 COaveo)

#30

WGo := WGpo + WMGo;
wWGo :=(15.99 cO2aveo+4.00 02aveo —.01 COaveo + 2802.00)
c- A OUHD Ca _l A (1 -0OUHD) Ca

1-Ca 3 l—}- Ca
3

+.3744932959 s /(

12.01 co2aveo + 12.01 coaveo) + 8.936 H+ wma | 36.46063760

(100 - cO2aveo — COaveo — 02aveo)
A OUHD Ca l A (1 -OQUHD) Ca

|~cCa 3 l—l ca
3

+.3744932959 s i/(

12.01 co2aveo + 12.01 CoOaveo) - 1.301236174 N |+ Mf

#31

AL := ((WGo-WGIYWGi)*100;
(1599 co2aveo+4.00 02aveo— .0l COaveo +2802.00) %I
12.01 co2aveo + 12.01 Coaveo
(100 - co2aveo - COaveo — 02aveo) %l
12.01 co2aveo+ 12.01 Coaveo
_ (15.99 cozavei+4.00 O2avei—.01 coavei +2802.00) %l

AL::lO()(

+ Wma (36.46063760

%2

100 ~ CO2avei - | - 02avei) %
~ ima (3(..40003%0 ( Cozavel C;‘;V‘” 02aveid) %1 _ | 351236174 N)

¢ i P i +2
) ((15.9) col2avei +4.00 02avei - .0l Ccoavei +2802.00) %Il +8.9% H
%2

100 - Co2avei — ;- ;

+ Wma (36.46063760 (100 - co2aves C;‘;"‘” 02avei) %1 _ | 301236174 N]

)

- 1301236174 N)

g oo AOUHD Ca 1 A (1-0UHD) Ca 444030959 5
] -Ca 3 l—l ca
3

%2 :=12.01 co2avei+ 12.01 CoOavei

#33

>

TFluegasOUTa := WGo*Wfe"SA;

TFluegasOUTa := -;- (15.99 co2aveo+4.00 02aveo-—.0l1 COaveo+ 2802.00)

A OUHD Ca l A (1 -OUHD) Ca
1-Ca 3

0 +.3744932959 S |/(
l—g Ca

12.01 co2aveo+ 12.01 COaveo)+8.936 H+ Wma | 36.46063760

(100 - co2aveo - COaveo ~ 02aveo)

_ A OUHD Ca _l A (1 - OUHD) Ca +.3744932959 5 |/(
l1-Ca 3 1
l-—-j Ca

12.01 co2aveo+ 12.01 Coaveo)~1.301236174 N|+Mf| Wfe

>

slgmaTFluegasOUTa := sqri(

>

Diff(TFluegasOUTa,CO2avei)*2*varCO2avel +

>

DIff(TFluegasOUTa,COavei)*2*varCOavel +

Ditf(TFluegasOUTa,02avei)*2*varO2avei +

Diff(TFluegasOUTa,Wfe)*2*varWfe +

Dif{(TFluegasOUTa,Areai)*2*varAreai +

Dit{(TFluegasOUTa,CP)*2*varCP +

Diff(TFluegasOUTa,PSi)~2*varPSi +

Ditf(TFluegasOUTa,A)"2'varA +

€y}

@9



f{(TFluegasOUTa,0UHD)*2*varOUHD +

{i(TFluegasOUTa,Ca)*2*varCa +

{{(TFluegasOUTa,C)*Ditt(TFluegasOUTa,C)*varC +

1f(TFluegasOUTa,S)*Dit{(TFluegasOUTa,S)* varS +

1t(TFluegasOUTa,H)* DIt{(TFluegasOUTa,H) varH +

t1(TFluegasOUTa,Wma)*Diff(TFluegasOUTa,Wma)‘varWma +

1f(TFluegasOUTa,N)* Dift(TFluegasOUTa,N)*varN +

1f(TFluegasOUTa,Mf)*Diff(TFluegasOUTa,Mf)*varMf +

im(sum(

fi(TFluegasOUTa, DPI[i])- DIff(TFluegasOUTa,DPI[j])*varDPIii,}) +

tf(TFluegasOUTa,Ti{i})*Ditf{(TFluegasOUTa,Ti[j})*varTi[Lj] +

itf(TFluegasOUTa,COI[i])* Ditf(TFluegasOUTa,COI[j])*varCOI[l,j] +

ifi(TFluegasOUTa,CO2i[i])- Diff(TFluegasOUTa,CO2i[j])*varCO2i[i,[] +

itt(TFluegasOUTa,02i[i})* Diti(T FluegasOUTa,02i[j])*varO2i[i,j]

1..n),i=1..n)):

jmaTFluegasOUTa := value(");

. 1 %4 %l
sigmaTFluegasOUTa:=|| 3 —-————%2 +4.468000000 H
%3 % 1
+% ma (36.46()63760 ———0%2 ! - 1301236174 N)+% Mf] varwfe+z

%4 .OUHD Ca l (1 - OUHD) Ca
l1-Ca 3 | 1 c
3 Ca
%2
wma %3 | - OUHD Ca __1_ (1 - OUHD) Ca
l-cCa 3 1
1—5 Ca 5 1
+36.46063760 -
%2 Wfe varA+4
%4 |- A Ca +l A Ca
l-ca 3 | 1 c
3 a
%2
A C 1 A C 2
wma %3 | - 2 += 2
l-ca 3 1
1—5 Ca 2 )
+ 36.46063760 -
%2 wfe varOUHD+4
g4 [.AOUHD A OUHD Ca 1 A(l-ouHp) 1 A (l1-OUHD) Ca
1-C
2 - Pl 0 LY
3 l-- Ca
%2 *
36.46063760 Wma %3
2
AOUHD A OUHD ca | A (1-OUHD) | A (1-OUHD) Ca
- - - -= (%2)
1-Ca 2 3 1 9 2
(1-ca) l-=- Ca 1
3 |-~ Ca
1 ( %4 Wma %3 2
na d
wee? varca+y (——-%2 +36.46063760 ———— ) wee? varc
i
1 %4 wma %3 ) 2
+~= | .3744932959 —— . —_—
y ( 93295 %2 + 13.65426435 %3 ) wfe” vars

+19.96302400 Wfe? varH

(PAY



2
%3 %
H3 %1\ 301236174 NJ wfe? varima

%2

1
+3 (36.46063760
12

2 2 2

1
+.4233038951 wma“~ Wfe varN+z wWfe® varMf

A OUHD C -
%1:=c- a 1 A (1-OUHD) Ca | 1714932959 s

l-Ca 3 l——‘-C
3 a

%2 := 12.01 co2aveo+ 12.01 COaveo
%3 := 100 - CO2aveo — COaveo — O2aveo

%4 := 1599 Cco2aveo+4.00 02aveo - .0l COaveo +2802.00

onstants

verages and Variances from Part A

D2avel := 15.2148;
Co2avei = 152148

wCO02avel :=.172;
varco2avei := .01

Oavel := .005;
Coaveli = .005

arCOavei := .00242;

varCOavei =4 107

2avel := 3.8;
O2avel :=3.8

arO2avei :=.052;
varO2avesi = 0025

O2aveo := 14.145;
CO2aveo = 14.145

arCO2aveo :=.172;

varCo02aveo = .14

> COaveo :=.005;
Coaveo := .005

> varCOaveo := .002/2;

varCOaveo := .4 10'5

> O2aveo :=5;
O2aveo =5

> varO2aveo := .0542;
varO2aveo :=.0025

Coal Feed Rate (Ibs/hr)
> Wife := 115839;

Wfe:= 115839

> varWfe := (0.05'Wfe)"2;
varwfe := 3354668480 108

Area (square ft)
> Areal := 3.99;

Areai =399

> varAreal := (0.0335*Areai)*2;
varAreai :=.01786633223

> Areao := 3.54;
Areao:=3.54

> varAreao := (0.0364*Areao)"2;
varAreao :=.01660386874

Pitot Coefficient
> CP := 0.84;

cri=.84

> varCP := (0.01)"2;
varcp = .0001

Pressure in Area
> PSi := 29.23;

PSi:=29.23

> varPSl := (0.04)*2;
varpsi = .0016

«
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D:=29.1;
PSo:=29.1

PSo := (0.04)~2;
varPSo :=.0016

isue for primary air
a = 31.11;

PSpa :=31.11

PSpa := (0.04)~2;
varPSpa :=.0016

ity Head
.45802;

v = .45802

1 i= array([seq(v,I=1..n)));

Po:=[.45802 45802 .45802 .45802 .45802 .45802 .45802 .45802 .45802
45802 45802 45802 45802 .45802 .45802 45802 .45802 .45802 .45802
45802 45802 45802 .45802 .45802}

(.02°v)*2;

u :=.00008391292816

= array({seq(u,i=1..n)]);
var :=[.00008391292816 .00008391292816 .00008391292816 .00008391292816

u = 0002744389824

0002744389824
0002744389824
0002744389824
0002744389824
0002744389824

> var := array([seq(u,i=1..n)]);
var :=[.0002744389824 .0002744389824
.0002744389824
.0002744389824
.0002744389824
.0002744389824
0002744389824

0002744389824
0002744389824
0002744389824
0002744389824
.0002744389824

0002744389824 0002744389824
0002744389824
0002744389824
0002744389824
0002744389824
.0002744389824)

.00008391292816
.00008391292816
.00008391292816
.00008391292816
00008391292816

.00008391292816
.00008391292816
.00008391292816
.00008391292816
.00008391292816

.00008391292816
.00008391292816
.00008391292816
.00008391292816
.00008391292816

.00008391292816
.00008391292816
.00008391292816
.00008391292816
.00008391292816)

'Po := make_array(var,n);

varDPo := varcovar

.82831;
v :=.82831
= array([seq(v,i=1..n)]);
1:=[.82831 82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831

12831 82831 .82831 .82831 .8283}

.82831 .82831

2831 82831 82831 82831 .82831}

.82831 .82831 .82831

T02°v)~2;

> varDPI := make_array(var,n);
varDPi := varcovar

Temperature (R)
>Vv:=713;

v:=713

> To := array([seq(v,i=1..n)]);
To:={713 713 713 T3 713 713 713 713 713 713 713 713 713 713
713 713 713 713 713 713 713 713 713 713]
> u := (0.01*(v-460))"2;

u ;= 6.4009

> var := array([seq(u,i=1..n)]);
var:={64009 6.4009 6.4009 6.4009 6.4009 64009 64009 64009 64009
6.4009 6.4009 6.4009 6.4009 6.4009 64009 6.4009 64009 6.4009 6.4009
6.4009 6.4009 6.4009 6.4009 6.4009)
> varTo := make_array(var,n);

varTo = varcovar

> v := 1140;
v:= 1140
> Ti:= array([seq(v,I=1..n)});
Ti:=[1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140

1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140

1140}
> U := (0.01*(v-460))A2;

u = 46.2400

> var := array([seq(u,i=1..n)]);
var :=[46.2400 46.2400 46.2400 46.2400 46.2400 46.2400 46.2400 46.2400
46.2400 46.2400 46.2400 46.2400 46.2400 46.2400 46.2400 46.2400
46.2400 46.2400 46.2400 46.2400 46.2400 46.2400 46.2400 46.2400]
> varTl := make_array(var,n);




varTi .= varcovar

\ioisture in Coal

vf :=0.06;

Mf :=.06

sarMf := (0.039"Mf)~2;

varMf = 54756 107

Ash

A= 0.0619;

A:=.0619

varA := ( 0.039°A)*2;

vara = 582787881 107

Overhead

OUHD := 0.9;

OUHD = .9

varOUHD := (0.1*OUHD)*2;

varOUHD := .0081

Carbon

C :=0.7381;

Cc:=.7381

-varC := (0.039*C)"2;

varcC = .0008286280388

Hydrogen
H := 0.0482;
H:=.0482
- varH := (0.039°H)"2;
varH:= 353364804 10
Nitrogen
» N :=0.0135;

N:=.0135

» varN := (0.039*N)"2;

varN:= 27720225 10°

Sulfur
> $:=0.0123;

S:=.0123

> var$ := (0.019'S)"2;
vars:= 5461569 107

CO2
> v := 14.145;

v:=14.145

> CO2o0 := array([seq(v,i=1..n)});
co2o0:=[14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145
14.145 14.145 14,145 14.145 14.145 14.145 14.145 14.145 14.145 14.145
14.145 14.145 14.145 14.145 14.145]
> u:= (0.1)*2;

u:=.0l

> var := array([seq(u,i=1..n)]);
var:=[.01 .01 .01 .0l 0] .01 01 .01 .01 .01 .01 01 .01 .01 01
01 .01 .01 .01 .01 .01 .0l .01 .01}
> varCO20 := make_array(var,n);
varC02o .= varcovar

> v := 15.2148;
v:=15.2148

> CO2i := array([seq(v,i=1..n)]);
co2i:=[15.2148 152148 152148 152148 152148 152148 15.2148 15.2148
15.2148 152148 15.2148 152148 152148 152148 152148 152148
15.2148 15.2148 152148 152148 152148 15.2148 15.2148 15.2148]

> u:=(0.1)"2;

u:=.01

> var := array([seq(u,l=1..n)]);
var:=[.01 .01 .0l o1 .01 .01 ot 01 .0l o1 .01 .01 o 010l
01 .01 .01 .01 .01 .01 .01 01 .01]
> varCO2i := make_array(var,n);
varCo21i .= varcovar

02
>v:=5;
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)20 := array([seq(v,i=1..n)});

020 =

[S 555 5 5555555555 5555558555 5}
:= (0.05)*2;

u :=.0025

ar := array([seq(u,i=1..n)));
var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 0025 .0025]
arO2o := make_array(var,n);
varQ2o = varcovar

= 3.8;
v:i=38

2l := array([seq(v,i=1..n)}]);

o2i:=[38 38 38 38 38 38 38 38 38 38 38 38 38 38 38
38 38 38 38 38 38 38 38 38])

:= (0.05)*2;

u :=.0025

i := array([seq(u,i=1..n)]);

var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
. 0025 0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 0025 .0025)

rO2i := make_array(var,n);

varO21i := varcovar

oisture (air)

ma := 0.013;
Wma = .013
rWma :a (.1*Wma)"2;

varima :=.169 IO'S
B)
= 0.004;

v :=.004

Jo := array([seq(v,I=1..n)]);
COo:=[.004 .004 004 004 .004 .004 .004 .004 004 004 .004 .004
004 004 004 004 004 004 004 004 004 004 .004 .004)

> U := (0.002)42;

u=4 1073

> var := array([seq(u,i=1..n)]);
var:=[4 105 4105 4105 410% 4105 410°% 4107 4107
410° 4105 410% 410° 4105 410% 410° 4107
4105 4105 410° 410° 4105 4105 4105 4107]

> varCOo := make_array(var,n);
varCoOo .= varcovar

> v := 0.005;
v :=.005

> COI := array([seq(v,i=1..n)]);
coi:=[.005 .005 .005 .00 .005 .005 .005 .005 .005 .005 .005 .005
005 005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005]

> u:=(0.002)*2;

u:=4 107

> var := array([seq(u,i=1..n)]);
var=[4105 4105 410° 410% 4105 4105 4105 410
41035 4105 4105 4105 410% 410° 410° 4107
4105 410° 4105 4105 4105 4105 4107 4107

> varCOl := make_array(var,n);
varCOi .= varcovar

-5

Carbon in Ash
> Ca := 0.0486;

Ca = .0486

> varCa := (0.25°Ca)*2;
varCa := 000147622500

Area for primary air
> apa :=.63;

apa:=.63

> varapa := (.013)*2;
varapa :=.000169

>v:=.2171;



v:=.2171
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DPpa := array([seq(v,i=1..n)]);
DPpa:=[.2171 2171 2171 2171 2171 2171 2171 2171 2171 2171
2171 2170 2171 2171 2171 2171 2171 2171 2171 2171 2171
2171 2171 .2171)

> eval(TFluegasOUTa);
806591.648()

u = 0.02%;
u :=.004342

varDPpa := array({seq(u,i=1..n)});
varDPpa :=[.004342 .004342 .004342 .004342 .004342 .004342 .004342
004342 004342 004342 .004342 .004342 004342 .004342 .004342
004342 004342 .004342 .004342 .004342 .004342 .004342 .004342
.004342)

> eval(sigmaTFluegasOUTa);
50458.32200
> eval(100*sigmaTFluegasOUTa/TFluegasOUTa);
6.255745658
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eval(TFluegasOUTb);
eval(sigmaTFluepasOUTb);

Recalculate Other Results

varDPpa := make_array(var,n);
varDPpa = varcovar

>h:="I

v:=1104;
v:=1104

Tpa := array([seq(v,i=1..n)]);
Tpa:=[1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104
1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104
1104)

u:=0.01*(v - 460);
u:=6.44

var := array([seq(u,i=1..n)]);
var:=[644 644 644 644 644 644 644 644 644 644 644 644
644 644 644 644 644 644 644 644 644 644 644 6.44)

varTpa := make_array(var,n);
varTpa := varcovar

Results
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eval(TFluegasINa);

eval(sipmaTFluegasiNa);

eval(100*sigmaTFluegasINa/TFluegasINa);

LA II T I IS RS EI LIS 2T IR SISty Y]

eval(TFluegasINb);

eval(sipmaTFluepasIND);

#13
> m:=(Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
m:=28.74570417

#14
> PAFA := 14088.2*apa*CP*sqrt(PSpa*m)*sum((DPpa[i}/Tpa[i])*(1/2),I=1..n);
PAFA :=75035.78706

> PAFB := 14088.2*apa“CP*sqrt(PSpa*m)*sum((DPpali)/Tpa[l])*(1/2),I=1..n);
PAFB :=75035.78706

#17
> FA := 5348840 Areal*CP-sqri(PSi)*sum((DPi[i}/(M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,021,N,Mf)*Ti[i]))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,COi,CO2i,H,Wma,02i,N,Mf))*C
> 02I[1y100,I=1..n):

#18
> FB := 5348840"Areai*CP*sqrt(PSi)*sum((DPi[i}/(M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,02i,N,Mf)*Ti[i}))~(1/2)*(1-MFG(l,A,OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,Mf))*C
> 02i[i)/100,i=1..n):

#19
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A := FA/(FA+FB);

SA := 5000000000

120
;B := FB/(FA+FB);

SB := .5000000000

21

VPAIA := PAFA/(Wfe*SA);

WPAIA := 1295518557

2
NPAIB := PAFB/(Wle*SB);

WPAIB:= 1295518557

123
> := (A'OUHD"Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);
Cr:= 002947741741

b:=C-Cr;

Cb:=.7351522583
NAI := (28.02°(100-CO2avei-COavel-O2avei)(1 2.01*(CO2avel+COavel))*(Cb+({12.0
1/132.07)*S)-N)/0.7685;

WA1 :=11.93169660

124
NMGI := 8.936"H + (Wma*WAI)+Mf;
WMG1 := .6458272558

125
NGpl := ((44.01*CO2avei+32.02°02avel+28.01 *COavel+28.02*(100-CO2avel-COav
3l-O2avel))/(12.01*(CO2avel+COavel))*(Cb+(12.01/32.07)*S));

WGpi 1= 1238591870

#26
WGI := WGpl + WMGI;

WG1 := 13.03174596

#27
WAo :=( ((28.02*(100-CO2aveo-COaveo-02aveo))/(12.01 *(CO2aveo+COave0)))*(C
b +(12.01/32.07)*S)-N)/0.7685;

wAo := 12.81444703

#28

> WMGO := 8.936*H + (Wma*WAo0) + Mf;
WMGo := .65730301 14

#29

> WGpo := ((44.01'C02aveo+32.02'02aveo+28.01‘COaveo+28.02‘(1 00-CO2aveo-C
> Oaveo-O2aveo0))/(12.01 *(CO2aveo+COaveo))*(Cb+(1 2.01/32.07)'S));
WGpo := 13.26877798

#30

> WGo := WGpo + WMGo;
WGo = 13.92608099

#31

> AL := ((WGo-WGIYWGI)*100;
AL := 6.862741437

#32

TFluegasiNa := WGI*Wfe*SA;

TFluegasINb := WGi*Wfe*SB;

#33

> TFluegasOUTa := WGo*Wfe'SA;
TFluegasOUTa := 806591.6480

TFluepasQUTD := WGo*Wfe*SB;

>




>

>

Random Error Propagation Calculations, Part B, TFluegasOUTa

Set no. of sample points

>

n:=24;
n:=24

procedure for creating variance-covariance matrix

>

make_array := proc(var,n)

>

varcovar := array(1..n,1..n);

>

forjtondo

>

Appendix G-4

foritondo

>

Random Error Calculation

if i=] then

Flue Gas Outlet Flow -- With Leak Case >

varcovar(l,j] := sqrt(var[i]*varfj])

>

else

>

varcovarfl,j] := 0

>

fi;

>

od

>

od;

>

varcovar;

>

end;

Warning, “varcovar®' is implicitly declared local
warning, "3 is implicitly declared local
warning, ‘i' is implicitly declared local

make_array =

proc(var,n)

local varcovar,j,i;
varcovar := array(l .. n,1 .. n);
for j to n do

(j"

o



for i to n do >Ch:=C-Cr;
if i = j then varcovar[i,jl := sqrt (var[i)*var(j])
else varcovar{i,j] = 0

£i

> K3 := (Cb+12.01°5/32.07)/(12.01°(CO2[x] + CO[x]));

i od > K4 := 8.936*°H + Wma*((268.02*(100-CO[x]-CO2[x])-O2[x])*K3-N)/0.7685)+Mf;
)
oa varcovar >M:=(1 8.016*K4+K3*(288.08°C0O2[x]+71.70"02[x]+50480.8))/(K4+1801.6°K3)
> end;
. warning, “Cr’ is implicitly declared local
warning, "Cb" is implicitly declared local
> MFG := p|'oc(x,A,OUHD,Ca,C,S,CO.CO?,H,Wma,OZ,N,Mf) warning, "K3' is implicitly declared local
Warning, ‘K4 is implicitly declared local
> Cr= (A‘OUHD'Ca)/(1—Ca) +(A'(1-0UHD)‘CaI3)’(1‘Ca’3)i warning, 'M° is implicitly declared local
>Cb:=C-Cr; uos
— < - N proc(x,A,OUHD,Cl,C,S,CO,CO2,H,HE‘,02,N,H2)
> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x))); local Cr,Cb,K3,K4,M;
> K4 :=8.936"H + Wma'((za.oz'noo—co[x]-002[xl-02[x])-Ks-N)l0-7685)+Mf; 22 :: ::g:l:n'cu (1rca)ed/3nan(-oump) teas (T /3mcals
K3 1= (Cb+.3744932959*S)/(12.01*CO2 12.01*
> MFG := (K4I18.016)/((K4I18.016)+100'K3) Kd 3= P copars
8.936*H+Wma*® (36.46063760% (100-CO[x]-CO2{x]-02[x])*K3-1.301236178°N
> end; ?
w;r&ina, ‘er' is implicitly declared iocal M 3= (18.0169K&0K3?(288.089C02({x}+71.70%02([x]+50480.8 }}/(Ré6<1805.6
Warning, 'Cb’ is implicitly declared local end
Warning, "K3° is implicitly declared local
warning, "X4' is implicitly declared local
Warning, "MFG’ is implicitly declared local

MFG :=

proc(x,A.OUHD,CA,C,S,CO,COZ,H,W,OZ,N,M!)
local Cx,Cb,K3,K4, MFG;
Cr = A'OUHD'Cul(l-Ca)¢1/3'A'(1-OUHD) *ca/(1-1/3*Ca);
Ch 1= C-Cx;
K3 = (Cb¢.37£&932959”s)/(12.0&”002(:]*12.91“C0(xi);
Kd :=
8.936%H+vannv(36.8605376

H
MFG 1w .05550621570“K&/(.0555052157Q“Ré+100“x3)

0‘(100-00(3]-C02[x]-02[x])'K3-1.301236174°E)+H&

wnd

#6
>M:= proc(x,A.OUHD,Ca,C,S.CO,CO2,H,Wma,02,N,Mt)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1 ~OUHD)*Ca/3)/(1-Ca/3);
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#13

> m:= (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
2897 wma+28.97
~ 1.608015098 wma+ |

> PAFB := 14088.2*apa*CP*sqrt(PSpa*m)*sum({DPpali}/Tpali])*(1/2),i=1..n);

!
DPpa N DPpa2

PSpa (2897 wma+2897)
= 14088.2 +
PAFB 82 apa cp j 1.608015098 wma + | Tpa, Tpa,

D."pa3 DPpa4 DPpa 5 DPpa6 DPpa_, DPpa 8 Ddel‘
+ + + R el ekl areeanl e
Tpa, Tpa, Tpag 6 7 8 2y
D. DP; DP) D.
bfpa, Fpa | pa, | PPPa, P24 Fpa s
+ + + + + +
Tpa, Tpa Tpa , Tpa, 4 pa, pa
D. DPp
Dfpa ¢ Fpa,, [DFpajy |DPpa, Payy | PEPA,
' + a * Tpa * Tpa Tpa * Tpa * Tpa
’ R 16 17 18 19 20 21
P
: DFpa,, [DFPay; | DFpay,
+ + +
Tpa,, Tpay, Tpa,,
17

> FA := 5348840"Areal CP sqrt(PSl) sum((DPI[iJ(M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,021,N,Mf)*Ti[i}))*(1/2)*(1-MFG(l,A,OUHD,Ca,C,S,C0I,CO21,H,Wma,02i,N,M))*C
> 02i[i}100,i=1..n):

#14
> PAFA := 14088.2*apa*CP*sqrt(PSpa‘m)*sum((DPpa[i}/Tpa[i])*(1/2),I=1..n);
DPpa DPpa
PSpa (2897 wma+2897) 1 2
= 14088.2
PAFA:= 140882 apa CPJ 1608015098 ma + 1 Tpa, * Tpa,
D D DP D
DPpa 3 Ppa 4 DPpa5 DPpa 6 Ppa 7 pa8 fpag
+ + + + + " + Toa
Tpa Tpa, pag Tpag Tpa, Tpag 9
P D D
Dfpa,, [DPpay | DFpa,, [DFPa, pay P31 g
+ + + + + " + oa
Pay, Tpa, Tpa), pa, pa 15
DPpa 16 DPpa 17 DPpa 18 DPpél19 DPpa2 0 DPp.a:2 )
+ + + + " + Py + Toa
Pa g P2, Tpa g P2 20 21
DPpa 29 DPpa23 DPp.a24
+ + + "
2y, Tpay, iy

#18
> FB := 5348840*Areai*CP*sqrt(PSi)*sum((DPi[i)/(M(l,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,021,N,Mf)*Ti{1]))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C01,C02i,H,Wma,02i,N,Mf))*C
> 02i[i}100,i=1..n):

#19
> SA := FA/(FA+FB);

4
W
N —

0
> SB := FB/(FA+FB);

™
©
W

o —
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#21
> WPAIA := PAFA/(Wfe*SA);
) DPpa DPpa
pSpa (28.97 wma +28.97) 1 2
= 4 P +
WPAIA = 281764 apa C l 1608015098 wma + | Tpa, Tpa,
DPpet3 DPpa 4 DPpa 5 DPpa 6 DPpa7 DPpa 3 DPpa9
+ + + " + Toa
Tpa, Tpag 9
D
Ppa PpalB DPpu—:i14 Ppéll5
+ + " + pa
Rt way, wap, 2, s
DPpa DPpa DPpa 19 DPpa2 0 DPpa 21
+ + " + Tpa + Tpa + P
™2y, Pag 19 20 21
P) D
Dep "22 DFpayy FPa)4
+ Toa + Py + Tpa Wfe
22 23 24
#22

> WPAIB := PAFB/(W{e*SB);

DPpa

. PSpa (28.97 wma+28.97) 2
WPAIB:=281764 apa CP ’ 603015098 Wma+ 1
DPp.al3 DPpa DPpa DPpa 7 Ppa
+ + +
Tpa 3 ’Ipa 'Ipa
DP,) DP) DP,)
DPpa 10 pa1 | pa pa
+ + +
Tpa Tpa a Tpa 'Ppa
10 1
D.
bPpa, ¢ Fpa g PPy,
+ + + oa P + Toa
Rty 19 21
DP, D.
pa 22 Ppa
+
'I‘pa”

#23

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

A OUHD Ca +l A (] - OUHD) Ca
| -Ca 3

Cr:=
l—l Ca
3

>Cb:=C-Cr;
A OUHD Ca _l A (I—OUHD) Ca
I -Ca 3

Cb.=C- 1
l—a Ca

> WAI := (28.02"(100-CO2avel-COaveI-OzaveI)I(1 2.01*(CO2avei+COavel))*(Cb+(12.C
> 1/32.07)*S)-N)/0.7685;
WAL :=36.46063760 (100 - co2avei - COavei — 02avei)
A OUHD Ca | A (1 —-OUHD) Ca

Cc- — -3 " +.3744932959 s |/(
l—'i Ca

! 1201 co2avei + 12.01 Coavei)-1301236174 N

#24
> WMGH := 8.936°H + (Wma*WAI)+M(;

WMGi := 8.936 H+ wma | 36.46063760 (100~ CoO2avei — COavei — 02avel)

A OUHD Ca l A (1 -0OUHD) Ca
l-cCa 3

7 +.3744932959 s |/(
l—'i Ca

12.01 co2avei + 12,01 Coavei)- 1301236174 N|+Mf

#25
> WGpI := ((44.01"CO2avei+32. 02-02avel+28.01*COavei+28.02*(100-CO2avei-COa*
> el-0O2avel)y(12.01*(CO2avei+COavei))* (Cb+(12.01/32.07)*S));

WGpi:= (1599 co2avei+4.00 O2avei — .01 COavei +2802.00)
A OUHD Ca | A (l-OUHD) Ca
- l~-Ca "3

7 +.3744932959 S i/(
l-"3" Ca

12.01 co2avei+ 12.01 Ccoavei)

#26
> WGI := WGpi + WMGI;
WGi:=(15.99 co2avei+4.00 02avei — .01 coavei +2802.00)

(~

e



QUHD C. l A | - OUHD) C
_A 1U = a -3 ( ) Ca | 3741932959 s |/(
- La

I—% Ca

12.01 co2avei + 1201 COavei)+8.936 H+ wma | 36.46063760

(100 - co2avei - Coavei - O2avel)
UH. A - D
_AouHp ca L A(1-OUHD) €2, 3344932959 s

I-ca 3 l—-I-C
3 a

120l co2avei+ 12.01 Coavei)—- 1301236174 N|+Mf

#27
> WAO :=( ((28.02*(1 00-CO2aveo-COaveo-02aveo))/(12.01*(CO2aveo+COaveo)))*(C

> b +(12.01/32.07)*S)-N)/0.7685;
WAO = 36.46063760 (100 — CO2aveo ~ COaveo — O2aveo)
A OUHD Ca _l A (1 -OUHD) Ca +.3744932959 s |/

- - 3
l-ca l—% Ca

12.01 co2aveo+ 12.01 Coaveo)-1.301236174 N

#28
> WMGo := 8.936"H + (Wma*WAo) + Mf;

WMGo := 8.936 H+ Wma | 36.46063760 (100 — CO2aveo — COaveo — 02aveo)

_ A ?UH? ca _% A (1 - OUHD) Ca + 3744932959 S/(
—Ca

I
l—5 Ca

12.01 co2aveo+ 12.01 coaveo)—1.301236174 N |+ ME

A OUHD C | A (Il -0OUHD) C
- a 1Al ) €A | 3934932959 s |

| -Ca 3

1
l—'i Ca

12.01 cozaveo+ 12.01 Coaveo)

#30
> WGo := WGpo + WMGo;
WGo = (15.99 co2aveo+4.00 02aveo ~.01 COaveo +2802.00)
A OUHD C | A (l-0OUHD) C
- a_ 1Al ) Ca | 3744932950 s /(
| -cCa 3 1
1 —3 Ca

12.01 co2aveo+ 12.01 COaveo)+8.936 H+ wWma

(100 - co2aveo - COaveo — O2aveo)

12.01 co2aveo+ 12.01 Coaveo) - 1.301236174 N |+ Mf

1—5 Ca

36.46063760

A OUHD C 1 A (l-0OUH
a_lal D) €3, 3744932959 s /(
1 ~Ca 3 1

#31

i

#29

> WGpo := ((44.01°CO2aveo+32.02"02aveo0+28.01 *COaveo0+28.02*(100-CO2aveo-C
> Oaveo-O2aveo))/(12.01*(CO2aveo+COaveo))*(Cb+(12.01/32.07)*S));
WGpo 1= (15.99 CO2aveo +4.00 O2aveo—.0l COaveo+ 2802.00)

AL := ((WGo-WGIYWGI)*100;

(15.99 co2aveo+4.00 02aveo—-.01 CoOaveo +2802.00) %!

AL:=I00(

+ Wma (36.46063760

12.01 co02aveo+ 12,01 CoOaveo
(100 - co2aveo ~ COaveo — 02aveo) %l

12.01 co2aveo+ 12.01 Coaveo

B (15.99 cozavei +4.00 02avei - .01 COavei +2802.00) %!

— Wma (36.4606376()

-1.301236174 ».

- 1301236174 4.

(15.99 co2avei+4.00 02avei-.0l COavei +2802.00) %I
+8936 H

+ Wma (36.46063760

e

%02
(100 - co2avel - COavei — 02avel) %!
%2
%2
(100 - co2aveli — COavei — O2avel) %l
%2

- 1301236174 1.

Uy
§y



] A OUHD ca | A (| ~-OUHD) Ca
Gl =C- -=

+.3744932959 S
| -Ca 3

l—-:l; Ca

%2 :=12.01 co2avei +12.01 CoOavei

#33

> TFluegasOUTa := WGo*Wfe*SA;

TFluegasOUTa :=-2l- [( 15.99 co2aveo+4.00 02aveo—.01 COaveo +2802.00)

| —ca 3 +.3744932959 S]/(

c A OUHD Ca l A (1 -0OUHD) Ca
l—% Ca

12.01 co2aveo+ 12.01 COaveo) +8.936 H+ Wma (36.46063760

(100 - cO2aveo - COaveo - 02aveo)
{c A OUHD Ca | A (l1-OUHD) Ca

3744932959
l1-cCca 3 + S}/(

l-% Ca

12.01 co2aveo+ 12.01 coaveo) - 1301236174 N]+ Mf] Wfe

> sigmaTFluegasOUTa := sqrt(

> Diff{(TFluegasOUTa,CO2avel)*2*varCO2avel +

> Diff(TFluegasOUTa,COavei)*2*varCOavel +

> DIff(TFluegasOUTa,02avel)*2*varO2avel +

> Ditf(TFluegasOUTa,Wfe)*2'varWte +

> Diff(TFluegasOUTa,Areal)*2*varAreai +

> Dift(TFluegasOUTa,CP)*2*varCP +

> Dift(TFluegasOUTa,PSi)*2*varPSi +

> Ditt(TFluegasOUTa,A)*2'varA +

> Diff(TFluegasOUTa,OUHD)*2*varOUHD +

> Diff(TFluegasOUTa,Ca)*2*varCa +

> Ditf{(TFluegasOUTa,C)"Dit{(TFluegasOUTa,C)*varC +

> Ditf(TFluegasOUTa,S)*Diff(TFluegasOUTa,S)*varS +

> Ditf(TFluegasOUTa,H)"Ditf(TFluegasOUTa,H)"varH +

> Diff{(TFluegasOUTa,Wma)*Diff(TFluegasOUTa,Wma)*varWma +

> Diff(TFluegasOUTa,N)*Diff(TFluegasOUTa,N)*varN +

> Ditf(TFluegasOUTa,Mf)*Diff(TFluegasOUTa,Mf)*varMf +

> sum(

> DIt{(TFluegasOUTa,DPI[i])*Dift(TFluegasOUTa,DPI[l])*varDPI[LI] +

> Dif{(TFluegasOUTa,Ti[i])*Ditf(TFluegasOUTa,Tifi])*varTi[l,i] +

> DIffi(TFluegasOUTa,COi[i])*Diff(TFluegasOUTa,COi[i])*varCOI[i,I] +

> DItf(TFluegasOUTa,CO2i[l])*Diff(TFluegasOUTa,CO2i[i])'varCO2i[l,i] +

> Dit{(TFluegasOUTa,02i[i])*Dift(TFluegasOUTa,02ifi])*varO2i[i,i]

> Ji=1.n)):

> sigmaTFluegasOUTa := value("):

Constants

Averages and Random Error Variances (Copied from Part A -- function of sample size n!
> CO2avel := 15.2148;

CO2avei ;= 15.2148

> varCO2avel := .102/2;
varco2avei :=.010404

> COavel := .005;
Coavel :=.005




> varCOavei :=.00022;

varCoavei:=.4 1077

> O2avel := 3.8;
O2avei :=3.8

> varQ2avel := .01118/2;
varO2ave1l :=.0001249924

> CO2aveo := 14.145;
CO2aveo := 14.145

> varCO2aveo := .0866°2;
varCoO2aveo :=.00749956

> COaveo :=.005;
CoOaveo :=.005

> varCQOaveo := .00020472;

varCoOaveo = 41616 10'7

> O2aveo := 5;
02aveo =5

> varO2aveo := .01020642;
varO2aveo :=.000104162436

Constants for Random Error Propagation

Coal Feed Rate (Ibs/hr) re

> Wfe := 115839;
Wfe := 115839

> varWfe := (0.0025*Wfe)*2;
varwWfe := 83866.71200

__Area (square ft) re

> Areal :a 3.99;
Areai =399

> varAreai := (0.0335*Areai)*2;
varAreai :=.01786633223

" > Areao := 3.54;
Areao :=3.54

> varAreao := (0.0364"Areao)*2;
varAreao :=.01660386874

Pitot Coefficient re

> CP :=0.84;
cp:=.84
> varCP := (0)*2;
varCp:=0
Pressure Ambient or Barometric re
> PSi := 29.23;
PS1:=29.23

> varPSi := (0.04)*2;
varPSi :=.0016

> PSo := 29.1;
PSo:=29.1

> varPSo := (0.04)2;
varpPSo :=.0016

Pressue for primary air
> PSpa := 31.11;

PSpa :=31.11

[

'> varPSpa := (0.04)72;

varPSpa :=.0016

>

Velocity Head DP re

> v = .45802;

i v = 45802

> DPo := array([seq(v,i=1..n)]);
DPo :=[.45802 .45802 .45802 .45802 .45802 .45802 .45802 .45802 .45802
45802 45802 45802 45802 45802 45802 45802 45802 45802 Skt
45802 45802 .45802 .45802 .45802]

> u:=.000052;

u:=.25 1078

> var := array([seq(u,i=1..n)]);
var:=[25 108 25 108 25 10% 25 108 25 10 25 108 25 1078
25 108 25 108 25 108 25 108 25 108 25 108 25 108 25 10
25 108 25 108 25 108 25 108 25 1008 25 108 25 108 25 10

-8
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25 10°8]

> varDPo := make_array(var,n);
varDPo ;= varcovar

> v :=.82831;
v:=.82831

> DPi := array([seq(v,I=1..n)]);

Dpi:={.82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831
-82831 82831 .82831 .82831 .82831 .82831 .82831 .82831 .82831 82831

.82831 .82831 .82831 82831 .82831}

> u:=.000052;
u=25 108

> var := array{[seq(u,l=1..n)});

var:=[25 108 25 108 25 108 25 108 25 108 25 108 25 108

25 108 25 108 25 108 25 108 25 108
25 108 25 108 25 108 25 108 25 108

25 108 25 108 25 108
25 108 25 108 25 108

25 10°8]

> varDPi := make_array(var,n);
varDPi := varcovar

>

> v:i=.2171;
vi= 2171

> DPpa := array([seq(v,i=1..n)});

DPpa:=[.2171 2171 2171 2171 2171 2171 2171 2171 2171 2171
21712170 2171 2171 2171 2171 2171 2171 2171 2471 2171

2171 2171 2171)

> u:=(0.00005)"2;
u:=.25 1078

> var := array({seq(u,i=1..n)});
var:=[25 108 25 108 25 108 25 108 25 108 25
25 108 25 108 25 108 25 108 25 108 25 108
25 108 25 108 25 108 25 108 25 108 25 108
25 10°8]

108 25 108

25 108 25 108
25 108 25 1078

> varDPpa := make_array(var,n);

varDPpa .= varcovar

[
> v := 1104;

v:=1104

> Tpa := array([seq(v,i=1..n)]);
Tpa:=[1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 1104
1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 HO4 1104
1104}
> u :=(0.005%(v - 460))*2;

u = 10.368400

> var := array([seq(u,i=1..n)});
var :={10.368400 10.368400 10.368400 10.368400 10.368400 10.368400
10.368400 10.368400 10.368400 10.368400 10.368400 10.368400 10.3684
10.368400 10.368400 10.368400 10.368400 10.368400 10.368400 10.3684(X
10.368400 10368400 10.368400 10.368400)
> varTpa := make_array(var,n);

varTpa .= varcovar

Temperature (R) re

>Vv:i=713;

: v:=713

> To := array([seq(v,i=1..n)});

To:=[T13 713 713 713 713 713 713 713 713 713 713 713 713 11
713 713 713 713 713 713 713 713 713 713)

b u := (0.005*(v-460))*2;

u := 1.600225

> var := array([seq(u,i=1..n)});

var:=[1.600225 1.600225 1600225 1.600225 1.600225 1.600225 1.600225
1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.600225 1.60022
1.600225  1.600225 1.600225 1.600225 1.600225 1.600225  1.600225  1.60022
1.600225}

> varTo := make_array(var,n);

varTo = varcovar

> v = 1140;
v:i=1140

> Ti:= array([seq(v,i=1..n)]);
Ti:=[1140 1130 1140 1140 1140 1140 1140 1140 1140 1140 1140
[140 1140 1140 1140 1140 1140 1140 1140 1140 1140 M40 140

Oy
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1140}

> u:= (0.005%(v-460))*2;
u = 11.560000

> var := array([seq(u,l=1..n}]);
var:=[11.560000 11.560000 11.560000 11.560000

11.560000 11.560000 11.560000 11.560000 11.560000
11.560000 11.560000 11.560000 11.560000 11.560000

11.560000 11.560000 11.560000 11.560000]

> varTi := make_array(var,n);
varTi := varcovar

Moisture in Ash re

> Mf :=0.06;
ME:= .06

> varMf := ((0.2+0.12°Mf*100)/(2°1.414*100))*2;
varMe := 00001058319613

Ash re

> A:= 0.0619;
A:=.0619

> varA := ({ 0.07+0.02°A*100)/(2*1.414°100))"2;

varA := 4696223261 1070

Overhead re

> OUHD := 0.9;
OUHD :=.9

> varOUHD := (0.1*OUHD)*2;
varOUHD := .0081

Carbon re

> C:=0.7381;
C:=.7381

> varC := (0.64/(2'1.414°100))2;
varcC:=.5121546706 107>

Hydrogen re

> H:=0.0482;
H:= 0482

> varH := (6.16/(2*1.414*100))42;

varH = 3200966692 10

Nitrogen re

> N:=0.0135;
N:= 0135
> varN := (0.11/(2°1.414°100))*2;
varN:=.1512956913 1076
Sulfur re
> $:=0.0123;
$:= 0123
> varS := ((0.06+0.035°S*100)/(2°1.414°100))2;
, vars:=.1327813813 1076
CO2 re
> v := 14.145;

v:=14.145

> €020 := array([seq(v,i=1..n)}]);

CO20:=[14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145
14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 1414
14.145 14.145 14.145 14.145 14.145]

B> u:=(0.03'v)*2;

u :=.1800729225

> var := array([seq(u,i=1..n)]);
var :={.1800729225 .1800729225 .1800729225 .1800729225 .1800729225
.1800729225 .1800729225 .1800729225 .1800729225 .1800729225 .180072922:
.1800729225 1800729225 .1800729225 .1800729225 1800729225 .180072922*
! .1800729225 .1800729225 .1800729225 .1800729225 .1800729225 .180072922°
' .1800729225]
> varC02o := make_array(var,n);
varCoO2o := varcovar

> v:=15.2148;
v:=152148

> CO2I := array({seq(v,i=1..n)]);
CO2i:=[152148 152148 152148 15.2148 152148 152148 152148 15.214:
152148 152148 152148 152148 15.2148 152148 152148 152148
152148 152148 152148 152148 152148 152148 152148 15.2148]

(n
3
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> u:=(0.03'v)"2;
u:=.2083411251

> var := array{[seq(u,i=1..n)]);
var :=[.2083411251 2083411251 .2083411251 .2083411251 .2083411251
2083411251 .2083411251 .2083411251 2083411251 .2083411251 .2083411251
2083411251 2083411251 .2083411251 .2083411251 .2083411251 2083411251
2083411251 2083411251 .2083411251 .2083411251 .2083411251 .2083411251
2083411251

> varCO2i := make_array(var,n);

varCO21 .= varcovar

02 re
>v:i=5;

> 020 := array([seq(v,i=1..n)]);
020 :=
IS 555555555 5555555555555 5)

> u:= (0.05)2;

u :=.0025

> var := array([seq(u,i=1..n)]);
var:=[.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 .0025 .0025)
> varO2o := make_array(var,n);
varoOZ2o := varcovar

> v:=3.8;
v:=38

> 02l := array([seq(v,I=1..n)]);
o2i:=(38 38 38 38 38 38 38 38 38 38 38 38 38 38 38
38 38 38 38 38 38 38 38 3.38])

> u = (0.05)*2;

u :=.0025

> var := array([seq(u,i=1..n)]);
var:={.0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 0025 0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 .0025 .0025)
> varO2i := make_array(var,n);

varO21 = varcovar

Moisture (air) re

> Wma := 0.013;
_ Wma = .013
!> varWma := (.2'Wma)*2;
varima = 676 107
CO re
> v :=0.004;

v:=.004

> COo := array([seq(v,i=1..n)]);
COoo:=[.004 .004 .004 .004 .004 .004 .004 .004 .004 004 .004 .004
004 004 .004 .004 .004 .004 .004 004 .004 .004 004 .004)

> U := (0.001)~2;

ui=.1 107

> var := array([seq(u,I=1..n)]);

var:=[.1 105 110 110 1105 0105 010 410 g 0t
210 110 1100 10 0108 10 1108 1108
210°% 1 10% 1108 105 0108 0103 0108 0 10

> varCOo := make_array(var,n);
varCoOo ;= varcovar

> v := 0.005;
v:=.005

> COi := array([seq(v,I=1..n)]);
coi:=[.005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005
005 005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005)

> u:= (0.001)42;

u=.1 107

> var := array([seq(u,i=1..n)]);
var=[.1 105 1 10°% 1105 1 10°% 110 1108 4 w05 g w0
2100 1108 1 10% 1108 0105 108 a0 g 108

110 110 1 10% 1105 a0 a0 05 08

> varCOl := make_array(var,n);
varCO1 ;= varcovar

n
3
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Carbon in Ash re

> Ca := 0.0486;
Ca :=.0486

> varCa := (0.1*Ca)~2;
varcCa :=.0000236196

Area for Primary Air re

> apa := 0.63;
apa :=.63

> varapa := (0.0208*apa)~2;
varapa :=.000171714816

Results

L d A AL I I SIS III IR SR LY LY T LYy L e PP

> evalf(TFluegasOUTa);
806591.6480

> evalf(sigmaTFluegasOUTa);
3707.782816

> evalf(100°sigmaTFluegasOUTa/TFluegasOUTa);
14596852478
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Error Propagation Calculations, Part B, Split A (SA)

Set no. of sample points

>n:=2;
n:=2

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

|
I>forjtondo

> foritondo

Appendix H-1
Bias Error Calculation

> varcovarll,j] := sqrt(var[i}*var[j])

Inlet Flue Gas Flow Split | > o

> od;

> varcovar;

> end;
Warning, ‘varcovar® is implicitly declared local
warning, "3 is implicitly declared local
Warning, "i' is implicitly declared local

make_array :=

proc{var,n)
local varcovar,j,i;
varcovar := arxray(l .. n,1l .. n);
for j to n do
for 1 to n do varcovar{i,j] := sqrt(var(i]*var(j]) od
od;
varcovar
end

#4

> MFG := proc(x,A,O0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

blLS



> Cr := (A"OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°S/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 :=8.936'H + Wma'((28.02‘(100-CO[x]-COZ[x]-O2[x])'K3-N)IO.7685)+M(;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
warning, “Cr’ is implicitly declared local
warning, "Cb' is implicitly declared local
warning, 'X3° is implicitly declared local
warning, 'K4' is implicitly declared local
wWarning, 'MrG’ is implicitly declared local

MFG =

pxoc(x,A,OUHD,Cu,C,S.CO,COZ,H,NHA,OZ,N,M!)
local Cr,Cb,K3,K4, MFrG;
Cr i= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb 1= C-Cr;
K3 := (Cb¢.374¢932959°3)/(12.01'C02[x]+12.01'c0[x]);
Kd 3=
8.936'H0wna'(36.46063760'(100-c0[x]-coz[x]-ozlx])'x3-1.301236174'u)¢ut
H
MFG := .05550621670‘K6/(.05550621670'K4+100'K3)
end

#6
>M:= proc(x.A,OUHD,Ca,C,S,CO,COZ,H,Wma,O2,N,Mt)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cbh:=C-Cr;

> K3 := (Cb+12.01*5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 = 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M = (18.016°K4+K3°(288.08°CO2[x]+71.70°02[x]+50480.8))/(K4+1801.6°K3)

> end;
Warning, ‘Cr’ is implicitly declared local
Warning, "Cb" is implicitly declared local
warning, "K3°' is implicitly dsclared local

warning, ‘K4 ' is implicitly declared local
warning, "M’ is implicitly declared local

M=

proc(x,A,ouun,Ca,c,s,co,coz,u,wma,oz,u,nt)
local Cr,Cb,K3,K4,M;
Cr :=s A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 :m (Cb+.3744932959*8)/(12.01*C02(x]+12.01*CO[x]);
K¢ 3=
8.936%H+Wma* (36.46063760*(100-CO[x]-CO2[x]}-02(x]))*K3-1.301236174*N

H
M= (18.016'thx3'(288.08'C02(xl+71.70'02(x]+50480.8 ))/(XK4+1801.6
end

#5

O2aveo :=
sum((DPo[i]I(’I‘o(il“M(i,A,0UHD,Ca,C,S,COo,COZo,H,Wma,OZo,N,M0))"(1/2)‘(1-MFC
(i,A,0UHD,Ca,C,S,C00,C020,H,Wma,020,N,MN)*020{ iLi=1..n)/sum((DPo[i}/(To[i]*M(.
,A,0UHD,Cn,C,S,COo,COZo,H,Wma,OZo,N,MD))"(I/Z)‘(l-MFG(i,A,OUHD,Ca,C,S,CO
0,C020,H,Wma,020,N,MD),i=1..n);

O2avei :=
sum((DPi(i]/(Ti[i]'M(i,A,OUHD,Ca,C,S,COi,COZi,H,Wmn,OZi,N,Mf)))"(l/2)°(l-MFC(i,
A,OUHD,Cn,C,S,COl,COZi,H.Wmn,OZI,N,Ml'))‘OZi[i],i:1..n)lsum((l)l’i[i]/(Ti[i]‘M(i,A,()
UHD,Ca,C,S,COI,Cozi,H,Wma,OZi,N,Mr)))"(lIZ)’(l-MFG(i,A,OUllD,Cn,C,S,COi,COZi.
H,Wma,02i,N,M0),i=1..n);

#7

CO2aveo :=
sum((DPo[i]/(To[i]‘M(i,A,0UllD,Ca,C,S,COo,COZo,H,Wma,020,N,Ml’)))"(l/Z)‘(l-MFG
(i,A,OUHD,Ca,C,S,COo,COZO,H,Wmn,OZo,N,MD)‘Cozo[i],i=I..n)/sum((DPo[i]/(To[i]‘
M(i,A,OUHD,Ca,C,S,COo,COZo,H,Wma,OZo,N,Mf)))“(l/Z)‘( 1-MFG(i,A,OUHD,Ca,C,S.
C00,C020,H,Wma,020,N,Mf),i=1..n);

CO2avei :=
sum((DPi[i]/('I’i[i]‘M(i,A,0UHD,Ca,C,S,COi,COZi,H,Wmn,OZi,N,Mf)))"(1/2)‘(1-MFC(i.
A,OUHD,Ca,C,S,COi,C02i,H,Wma,02i,N,Mf))‘COZi[i],i=l..n)/sum((DPi[i]/(Ti[i]‘M(i,A.
OUHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,MN))*(1/2)*( 1-MFG(i,A,OUHD,Ca,C,S,C0i,CO
2i,H,Wma,02i,N,Mf)),i=1..n);

#8

COaveo :=
sum((DPo[i]l(To[i]“M(i,A,OUHD,Ca,C,S,COo,COZo,H,Wma,O20,N.Mf)))"(1/2)'(l‘MFG
(i,A,O0UHD,Ca,C,S,C00,C020,H,Wma,020,N,M 0)*COoli},i=1..n)/sum((DPo[i}/(Toli]*M:
i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,MN))*( 1/2)*(1-MFG(i,A,OUHD,Ca,C,S,CO
¢,C020,H,Wma,020,N,Mf)),i=1..n);

“
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COavei :=

sum((DPi[iy/(Ti(i]* M(i,A,OUHD,Cu,C,S,COi,COZi,H,Wmn,OZi,N,Mf)))"(l/l)"(l-M FG(i,
A,OUIlD,Ca,C,S,COi,C02i,ll,Wma,OZi,N,Ml’))‘COi[i],i:l..n)/sum(([)Pi[i]/(Ti[i]‘M(i,A,O
UHD,Ca,C,S,C0i,CO2i,H,Wma,02i,N,MN))*(1/2)*( 1-MFG(i,A,OUHD,Ca,C,S,C0i,CO2i,
H,Wma,02i,N,MMN),i=1..n);

#13

> m := (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
_ 2897 wma+28.97
~ 1.608015098 wma + |

#14
> PAFA := 14088.2°apa*CP*sqrt(PSpa*m)*sum((DPpa[iyTpali])*(1/2),I=1..n);
DI»”pal DPpa2

\

PSpa (28.97 wma+28.97) +
1.608015098 wma + 1 L Qpal Tpa2

PAFA = 14088.2 apa CPj
/

> PAFB := 14088.2‘apa'CP'sqrt(PSpa‘m)‘sum((DPpa[i]/Tpa[I])"(1/2),i=1..n);

DPpa DPpa

a PSpa (28.97 wma+28.97) 1 2
PAFB:=14088.2 apa CP ’ T 608015098 mma + 1 mal + ’Ipaz

/

#17

> FA := 5348840 Areal*CP*sqri(PSi)'sum((DPi(i)/(M(i,A,0UHD,Ca,C,S,C0i,CO2L,H,W
> ma,021,N,Mf)*Tifi]))*(1/2)*(1-MFG(i,A,O0UHD,Ca,C,S,C01,C02i,H,Wma,02i,N,M1))*C
> 02i[iy/100,}=1..n):

CALCALATION Ex PeEDIENT =~ USED LEAC CASE  FLUE GA§ Ourtle? Cong POSITIONS
EDN  aAS (O0mPossT AW To '[R° S/DE  rEAT PIPE. THS Just PaowdhES
H18 4 SecomD GAS COmpIS/TroM) FOA  CALCULATING A FLOwW SPLT,

> FB := 5348840*Areal* CP*sqri(PSi)*sum((DPI[iJ(M(i,A,OUHD,Ca,C,S,C00,C020,H,
> Wma,020,N,M1)*TI{I]))*(1/2)*(1-MFG(l,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,M
> 1))*CO20[1)/100,i=1..n):

#19
> SA := FA/(FA+FB);

SA := 5348840 Areai cP JPSi | .01000000000 (DPil

+ 18.01600000 %9 + 18.01600000 Mf

G2 (288.0800000 CO.?JIl + 71.70000000 Ozil + 5()480.80000)

7,2
8) 160.9909760 H

(8.9360()0000 H+ %9 + ME + 1801.600000 —-

172

I +

-.05550621670

8.936000000 H+ %9 + Mf

)

4960035524 H+ 05550621670 %9 + .05550621670 Mf + 100.

(_‘021:l + 01000000000 (DPiz (

1 (160.9909760 H+ 18.01600000 %7 + 1801600000 ME

%2 (288.0800000 C02i2 + 71.70000000 02.1'.2 + 50480.80000)

%2

%8

o)
8.936000000 H+ %7 + M£ + 1801.600000 -:4;—)/

172

+

~- 05550621670

co21
2

(8.936000000 H+ %9 + Mf + 1801600000

+ 18.01600000 %9 + 18.01600000 M£

8.936000000 H+ %7 + Mf

o

4960035524 H+ 05550621670 %7 +.05550621670 M£+ 100.

%2 (288.0800000 COZil + 71.70000000 02‘1'l + 50480.80000)

%2

G

5348840 Areai CP JPSi | .01000000000 [DPil

p ] / 1609909760 H

+

—.05550621670

8.936000000 H+ %9 + Mf

4960035524 H+ 05550621670 %9 + 05550621670 Mf + 100. —

Uy
N




C‘OZil + .01000000000 (DPJZ2 (8.936000000 H+ %7 + Mf + 1801.600000 Z)i )/(
o

[160.9909760 H+ 18.01600000 %7 + 18.01600000 Mf

12
%2 (288.0800000 €024, +171.70000000 02.1'2+50480.80000)] D !
Ti 1
2

+
%6

—~.05550621670 8.936000000 H+ %7 + Mf

4960035524 H+ 05550621670 %7 + .05550621670 Mf + 100. —z%-

C02i2 + 5348840 Areai cP JPSi | .01000000000 (DP.!'.l

(8.936000000 H+ %S + Mf + 1801.600000 %ﬁ—)/ 160.9909760 H

+ 18.01600000 %S5 + 18.01600000 Mf

%2 (288.0800000 (.‘020l + 71.70000000 0201 + 50480.80000) } ]]]/2
Ti 1

+
%4

~ 05550621670 8.936000000 H+ %5 + ME

%2

4960035524 H+ .05550621670 %S5 +.05550621670 Mf£ + 100. %4

cozo, + 01000000000 (um’1 (8.936000000 H+ %3 + M£ + 1801.600000 %T—)/(

(160.9909760 H+ 18.01600000 %3 + 18.01600000 Mf

12
%2 (2880800000 cozoz+7x.70000000 0202+50480.80000)
Ti2 1

+
%1

8.936000000 H+ %3 + Mf

- 05550621670

%2

4960035524 H+.05550621670 %3 +.05550621670 Mf + 100.
CO020

%1 = 12.01000000 C0202+ 12.01000000 COo2

=L D) C.
2:=co1, AOHD €2 _ 4333335533 A L1 OUMD) Ca

+.3744932959 s
l.-1. Ca 1.-.3333333333 Ca

%3 =

|
- 1.301236174 N

Wma (36.46063760 %1

%4 = 12.01000000 COZol + 12.01000000 COol

%S =

(100.-1. COol—I. C‘OZol—l. 020 ) %2 l
- 1301236174 N

Wma (36.46063760 %a

%6 = 12.01000000 C02.i2+ 12.01000000 C‘Oi2

%7 =
(100.—1. coiz—l. coziz-l. 021 ) %2 .
— 1301236174 N/

Wma {36.46063760 %6

%8 := 12.01000000 C‘OZil + 12.01000000 COi‘

%9 =
(100.—1. coil—l. coz.il—l. 02i ) %2

Wma [36.46063760 -~ 1.301236174 N

%8

#20

> SB := FB/(FA+FB);

()\\



SB:=5348840 Areai cP JPSi | .01000000000 {DE‘JZl

(8.936000000 H+ %5 + Mf + 1801.600000 79;%-]/((160.9909760 H
+ 18.01600000 %5 + 18.01600000 Mf
12
%2 (288.0800000 COZOl + 71.70000000 020l + 50480.80000)
+ Til 1

%4

—~ 05550621670 8.936000000 H+ %S + Mf —
o

4960035524 H+.05550621670 %S5 + .05550621670 Mf£+ 100. %4

%2

C020l +.01000000000 (DP;'Z (8.936000000 H+ %3 + M£ + 1801.600000 -j’ﬁ-)/(

(1609909760 H+ 18.01600000 %3 + 18.01600000 Mf

172
%2 (288.0800000 C0202 + 71.70000000 0202 + 50480.80000) J D
Ti 1
2

+
%ol

~ 05550621670 8.936000000 H+ %3 + Mf -

4960035524 H+ .05550621670 %3 +.05550621670 Mf + 100. ——

%1
CO.?o,‘ 5348840 Areai cp JPsi | 01000000000 (DPJZI
(8.‘)36000000 H+ %9 + Mf + 1801.600000 -%;—)/([160.9909760 H
+ 18.01600000 %9 + 18.01600000 Mf
172
%2 (288.()8()()000 COZil + 71.70000000 021'l + 50480.80()()0)
+ %8 Tll 1

8936000000 H+ %Y + Mf

~ 05550621670 —
4960035524 H +.05550621670 %Y + 05550621670 M£ + 100, 7

2
C‘OZJIl +.01000000000 [DPJI2 (8.93600000() H+ %7+ Mf + 1801.600000 %;—]/
v

[160.9909760 H+ 18.01600000 %7 + 18.01600000 Mf
172

%2 (288.0800000 Co2i2+7l.7()()()0000 02i2+50480.80000)
; t %6 Ti |
C
— 05550621670 8.936000000 H+ %7 + Mf -
.4960035524 H+ .05550621670 %7 + .05550621670 Mf + 100. /(
s
cozi2 +5348840 Areai CP JPSi | .01000000000 (opil
%2
(8.936000000 H+ %5+ Mf + 1801.600000 a ]/((léO.‘)‘)O‘)?ﬁO H
+ 18.01600000 %5 + 18.01600000 Mf
112
%2 (288.08()()000 cozol +71.70000000 ozol +50480.80000)) D
+ Ti 1
%4 ]

J936(4X A
— 05550621670 8.936000000 H+ %S5 + Mf .

4960035524 H+ 05550621670 %S + 05550621670 M£ + 100, o

a2
C02z:'»I + .01000000000 [DPiﬂ) (8.936()000()() H+ %3 + Mf + 1801.600000 ;UI )/
2 o

!
{160.9909760 H+ 18.01600000 %3 + 18.01600000 Mf

e85



+

- 05550621670

%1

%2

%3

Wma [36.46063760

%4

%5 :

Wma [36.46063760
%6 :
%7 :

Wma (36.46063760
%8 :
%9 :

Wma [36.46063760

:= 12.01000000 C0202+ 12.01000000 Ccoo,

=C~-1.

:= 12.01000000 CO2ol +12.01000000 Ccoo

172
o2 (288.()800000 C0202 + 71.70000000 0202 + 50480.80000) ] D
- Ti 1
2 {

%ol

8.936000000 H+ %3 + Mf

4960035524 H+ 05550621670 %3 +.05550621670 M£ + 100. -—ZZ—T

Cc020

2

A (l.-1. OUHD) Ca
1.-.3333333333 Ca

A OUHD Ca
l.-1. Cca

+.3744932959 s

-.3333333333

.~ 1. -1 -1 %2
(100 1 0002 1 coz::2 ozoz)

-1.301236174 N
%l ]

1

(100.—1. COo. -1. CO20_ -1. 020 ) %2
1 1 1

-1.301236174 N
%4 }

12.01000000 C02i2+12.01000000 COi2

-1 i -1 i -1. 021
(100 1 C012 1 c0212 1 012) %2

-1301236174 N
%6 : ]

12.01000000 C02il+12.01000000 COJIl

(100.-1. COil—l. cozil—l. 021 ) %2

- 1301236174
%8 N]

> sigmaSaA := sqrt(

> Ditf(SA,CO2avei)*2*varCO2avei +

> Dift(SA,COavei)*2*varCOavel +

> Diff(SA,02avei)*2*varQ2avel +

> Diff(SA,CO2aveo)~2*varCO2aveo +

> Diff(SA,COaveo)~2*varCOaveo +

‘> Ditf(SA,02aveo)”2*varO2aveo +

> Diff(SA,Wfe)*2*varWfe +

> DIitf(SA,Areal)*2*varAreal +

> DIff(SA,CP)*2*varCP +

|> Diff(SA,PSi)*2*varPSi +

> Diff(SA,A)*2*varA +

> Dift{(SA,OUHD)*2*varOUHD +

> Diff(SA,Ca)*2*varCa +

> Diff(SA,C)*Ditf(SA,C)*varC +

> Dift(SA,S)*Ditf(SA,S)*varS +

> Diff(SA,H)"Diff(SA,H)*varH +

> DIiff(SA,Wma)*DIf{(SA,Wma)*'varWma +

> Diff(SA,N)'Diff(SA,N)*varN +

> DIff(SA,Mf)*Ditf{(SA,Mf)*varMt +

> sum(sum(

> Diff(SA,DPi[i])*Diff(SA,DPi[j])*varDPI[i,]] +

> Dift(SA,Ti[i])*Ditf(SA,Ti[i])*varTi[l,j] +

pas



> Ditf(SA,COoli])*Dif{(SA,COo[j])*varCOolij] +

> DIff(SA,CO20[l))*Diff(SA,CO20(j])*varCO20][l,]] +

> DIff(SA,020[i])*Diff(SA,020[j])* varO2o(i,j] +

> DIff(SA,COI[i])*Ditf(SA,COI[j})*varCOi[l,]] +

> Dift(SA,CO2i[i])*Dift(SA,CO2i[j])*varCO2i[i,j} +

> Diff(SA,O2i[i])*Ditf(SA,02ifj])varO2ifi,]]

> J=1..n),I=1..n)):

> sigmaSA := value(“):

Constants

Averages and Variances from Part A

> CO2avel := 15.2148;
CO2avei = 152148

> varCO2avel := .1°2;
varco2avei :=.0l

> COavei := .005;
Coavei :=.005

> varCOavel := .002°2;

varCoavei = .4 10’5

> O2avei := 3.8;
0O2avei :=3.8

> varO2avel := .05%2;
varO2aveli :=.0025

> CO2aveo := 14.145;
CO2aveo = 14.145

> varCO2aveo := .112;
varCo02aveo := .0l

> COaveo :=.005;
Coaveo = .005

> varCOaveo :=.002"2;

varCOaveo = .4 10'5

> O2aveo := 5;
O2aveo =5

1> varO2aveo := .05/2;
! varO2aveo .= .0025

Coal Feed Rate (Ibs/hr)

> Wfe := 115839;
wfe = 115839

> varWfe := (0.05'Wfe)*2;
varWfe = 3354668480 108

Area (square ft)

> Areal := 3.99;
Areai =399

> varAreal := (0.0335*Areai)*2;
varAreai :=.01786633223

> Areao := 3.54;
Areao :=3.54

> varAreao := (0.0364*Areao)"2;
varAreao = 01660386874

Pitot CoefTicient

> CP := 0.84;
cp:=.84

‘> varCP := (0.01)*2;
varCp :=.0001

Pressure in Area

> PSi := 29.23;
! PSi=29.23

i> varPSi := (0.04)~2;
varpPsi :=.0016

> PSo0:=29.1;
PSo:=29.1

Oy
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> varPSo := (0.04)42;
varPSo :=.0016

Pressue for primary air

> PSpa := 31.11;
PSpa :=31.11

> varPSpa := (0.04)*2;
varPSpa :=.0016

Velocity Head

> v :=.45802;
v :=.45802

> DPo := array([seq(v,i=1..n)]);
DPo :=[.45802 .45802}

> u:= (.02°v)*2;
u :=.00008391292816

> var := array([seq(u,i=1..n)]);
var :=[.00008391292816 .00008391292816]

> varDPo := make_array(var,n);
varDPo ;= varcovar

> v :=.82831;
v:=.82831

> DPI := array([seq(v,i=1..n)]);
DPi:=[.82831 .82831])

> u = (.02*v)*2;
u :=.0002744389824

> var := array([seq(u,l=1..n)));
var ;= [.0002744389824 .0002744389824)

> varDPI := make_array(var,n};
varDPi := varcovar

Temperature (R)

> v:i=713;
v:i=TI3

> To := array([seq(v,i=1..n)]);
To:={7I3 713}

> U i= (0.01°(v-460))"2;

u = 6.4009

> var := array([seq(u,i=1..n})]);
var:=[6.4009 6.4009]

> varTo := make_array(var,n);
varTo = varcovar

> v := 1140;
v:= 1140

> Ti:= array([seq(v,i=1..n)]);
Ti:=[1140 1140]

> u = (0.01°(v-460))°2;
u = 46.2400

> var := array([seq(u,i=1..n)]);
' var :=[46.2400 46.2400)

> varTl := make_array(var,n);
varTi ;= varcovar

Moisture in Coal

> Mf :=0.06;
Mf£:=.06

> varMf := (0.039*M{)~2;
varMe = 54756 107

Ash
> A:= 0.0619;
A:=.0619
> varA := ( 0.039*A)*2;
i varA = 582787881 107
Overhead
> OUHD := 0.9;

OUHD:= .9

> varOUHD := (0.1*OUHD)"2;
' varOUHD := .0081

Carbon

> C:=0.7381;
C:=.7381

()\)
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» varC := (0.039°C)*2;

varcC:=.0008286280388

Hydrogen

> H := 0.0482;
H:=.0482

» varH := (0.039°H)*2;
varH:= 353364804 10

Nitrogen

> N:=0.0135;
N:=.0135

> varN = (0.039°'N)~2;
varN:= 27720225 1078

Sulfur

» $:=0.0123;
S:=.0123

> varsS := (0.019°S)*2;
vars:=.5461569 1077

COo2

> V= 14.145;
v:=14.145

> CO20 := array([seq(v,I=1..n)]);
CO20:=[14.145 14.145]

> u:=(0.1)72;
u:=.01

> var := array([seq(u,i=1..n)]);
var:=|.01 .01}

> varCO2o0 := make_array(var,n);
varCo2o = varcovar

> v :=15.2148;
v:=152148

> CO2i := array([seq(v,i=1..n)});
C021i:=[15.2148 15.2148]

> u:=(0.1)*2;

u:=.01

> var := array([seq(u,i=1..n)]);
var:={.01 .01]

> varCO2i := make_array(var,n);
varCo21i := varcovar

02
>v:=5;
vi=S5
> 020 := array([seq(v,i=1..n)]);
020:=(5 5)
> U := (0.05)%2;
u:=.0025

> var := array([seq(u,i=1..n)}]);
var :=[.0025 .0025)

> varO2o0 := make_array(var,n);
varoO2o .= varcovar

> Vv:=3.8;
v:=38

> 02l := array([seq(v,I=1..n)]);
021:={3.8 3.8}

> u := (0.05)*2;
u :=.0025

> var := array([seq(u,i=1..n)}]);
var :=[.0025 .0025}

> varO2i := make_array(var,n);
var02i ;= varcovar

Moisture (air)

> Wma := 0.013;
wma := .013

> varWma := (.1*Wma)"2;

varima :=.169 I()_5

co

> v := 0.005;
v:=.005
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> COo := array([seq(v,i=1..n)]);
COo:=[.005 .005)

> u = (0.002)~2;
u=4 107

> var := array([seq(u,i=1..n)});
var:=[4 105 4 10°%]

> varCOo := make_array(var,n);
varCoOo = varcovar

> v = 0.005;
v :=.005

> COl := array([seq(v,i=1..n)));
coi:=[.005 .005)

> u = (0.002)°2;
ui=.4 107

> var := array([seq(u,i=1..n)});
var:=[.4 105 4 107%]

> varCOi := make_array(var,n);
varcCo1i ;= varcovar

Carbon in Ash

> Ca := 0.0486;
Ca :=.0486

> varCa := (0.25*Ca)*2;
varcCa :=.000147622500

Area for primary air

> apa := .63;
apa = .63

> varapa := (.013)*2;
varapa .= .000169

> v :i=.2171;
v:=.2171

> DPpa := array([seq(v,i=1..n)]);
DPpa:={.2171 .2171]

> u:=0.02%;

u = 004342

> varDPpa := array([seq(u,i=1..n)});
varDPpa = [.004342 .004342]

> varDPpa := make_array(var,n);

varDPpa = varcovar

I
> v:= 1104;

vi=1104

> Tpa := array([seq(v,l=1..n)});

|

Tpa:=[1104 1104}

I]f> U= 0.01°(v - 460);

u:=6.44

> var := array([seq(u,i=1..n)]);

var:=[6.44 6.44)

r varTpa := make_array(var,n);

varTpa .= varcovar

Results

EL I IR I 2T R LRI IR R R PR T PR P R R R R PSS PR P A R PR L T YL P Y

> eval(SA);

5168579433

> eval(sigmaSA);

.002214263857

> eval(100*sigmaSA/SA);

4284085958

BESRSERESFELF SRR A SRR R SIS RS R R R R R R R RS R RIS R LGSR PRSP SRS GBS E PSS S SRS

eval(TFluegasIND);

eval(sigmaTFluegasINb);

" eval(TFluegasOUTa);

eval(sigmaTFluegasOUTa);

eval(TFluegasOUTDb);

eval(sigmaTFluegasOUTb);

Recalculate Other Results

>hi='l;
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Appendix H-2
Random Error Calculation
Inlet Flue Gas Flow Split

Random Error Propagation Calculations, Part B, Split A (SA)

Set no. of sample points

>n:=4;
n:=4

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

> varcovar := array(1..n,1..n);

> for jton do

> for i to n do

> it i=] then

> varcovar(l,}] := sqrt(var{i]*var[l])

> else

> varcovar{i,j] := 0

> varcovar;

> end;

| Warning, ‘varcovar' is implicitly declared local
wWarning, "j° is implicitly declared local
Warning, ‘i° is implicitly declared local

© . 'a_array :=
proc(var,n)
iocal varcovar,j,i;

varcovar := array(l .. n,1 .. n);

for j to n do (
J\'
X



for i to n do
if i = 3§ then varcovar{i,j] := sqrt(var[i)*var([j))
else varcovar([i,j) := 0
£i
od
od;
varcovar
end

#4
> MFG := proc(x,A,OUHD,Ca,C,5,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3y/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+ Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
Warning, °"Cr' is implicitly declared local
Warning, 'Cb’ is implicitly declared local
Warning, "K3' is implicitly declared local
Warning, "K4' is implicitly declared local
Warning, 'MFG’ is implicitly declared local

MFG :=

proc(x,A,OUHD,Ca,C,S8,C0O,C02,H, Wma,02,N,Mf)
local Cr,Ch,K3, K4, MFG;
Cx 1= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1~1/3%*Ca);
Cb 3= C-Cx;
K3 t=s (Cb+.3744932959*S)/(12.01*C0O2[x)+12.01*CO[x]),
K4 3=
8.936*H+Wma* (36.46063760*(100-CO(x]-CO2([x])~-02[x])*K3-1.301236174*N) +M¢f
H
MFG 1= ,05550621670*K4/(.05550621670*K4+100*K3)
end

#6
> M := proc(x,A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02°(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016*K4+K3*(288.08*CO2[x]+71.70*02[x]+50480.8))/(K4+1801.6°K3)

> end;
Warning, ‘Cr’ is implicitly declared local
wWarning, "Cb' is implicitly declared local
Warning, ‘K3° is implicitly declared local
warning, ‘K4° is implicitly declared local
Warning, "M is implicitly declared local

proc(x,A,OUHD,Ca,C,S8,C0,C02,H,Wna,02,N,ML)
local Cr,Cb,K3,K4,M;
Cr :m A®OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-~1/3*Ca);
Cb := C-Cx;
K3 :m (Cb+.3744932959*8)/(12.01*C02(x])+12.01*CO[x]);
K4 1=
8.936*H+Wma* (36.46063760*(100~CO[x]}-CO2[x]-02[x])*K3-1.301236174*N)
¥
M :» (18.016*K4+K3*(288.08*C0O2[{x]}+71.70*02([x])+50480.8 ))/(K4+1801.6"
end

#5

0O2aveo :=
sum{(DPo[i}/(To[i]*M(i,A,OUHD,Ca,C,S,C00,C020,H,¥Wma,020,N,M()))*(1/2)*(1-MFG
(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,M0)*020[i},i=1..n)/sum((DPofi}/(To[i]*M(i
,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,M0N))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,CO
0,C020,H,Wma,020,N,MM)),i=1..n);

O2avei :=
sum((DPi[iY(Ti{i]*M(i,A,OUHD,Ca,C,S,CO0i,CO2i,H,Wma,02i,N,MN))*(1/2)*(1-MFG(i,
A,OUHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,Mf)*02i(i],i=1..n)/sum((DPi[i}/(Ti[i}*M(i,A,O
UHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,MD0))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,CO2i,
H,Wma,02i,N,Mf)),i=1..n);

#7

CO2aveo :=
sum((DPo[i}/(To[i}*M(i,A,OUHD,Ca,C,S,C00,C020,H,VWma,020,N,MNNA(1/2)*(1-MFG
(i,A,OUHD,Ca,C,S,CO0,C020,H,Wma,020,N,M[))*CO20[i},i=1..n)/sum((DPo[i)/(To{i]*
M(i,A,OUHD,Ca,C,S,C00,C020,H,Wma,020,N,MI)))*(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,
C00,C020,H,Wma,020,N,Mf)),i=1..n);

(y
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CO2avei :=
sum((Dl’i[i]/(Ti[i]“M(i,A,OUlID,Ca,C,S,COi,COZi,H,\Vma,OZi,N,Ml')))"(l/2)‘(l-MFG(i,
A,OUIlD,Ca.C,S,COi,COZi,ll,Wma,OZi,N,MI'))‘COZi[I],I:l..n)/sum((DPi[l]l(TI[i]"M(l,A,
OUHD,Ca,C,S,C0i,CO2i,} l,Wma,OZi,N,M0))"(l/2)"(l~MFG(i,A,0UHD,Ca,C,S,COi,CO
2i,H,Wma,02i,N,Mf),i=1..n); ’

#8

COaveo :=

sum((DPo[i]/(To[l]‘M(i,A,0UHD,Ca,C,S,COo,COZo,H.Wma,Olo,N,Mf)))"( 1/2)*(1-MFG
(i,A,OUHD,Ca,C,S,COo,COZo,H,Wma,OZo,N,Mf))‘COo[i],i=1..n)/sum((DPo[i]/(To[i]‘M(
i,A,OUHD,Ca,C,S,COo,C020,H,Wmn,020,N,M0))"(1/2)"(l-MFG(i,A,OUHD,Ca,C,S,CO
0,C020,H,Wma,020,N,MN) i=1..n);

COavei :=

sum{(DPi[iy/(Ti[i]*M(i,A,OU HD,Cn,C,S,COi,COZi,!I,Wmn,OZl,N,Mf)))"(l/2)‘(l-MFC(I,
A,OUHD,Ca,C,S,COi,COZi,H,Wma,OZi,N,Mf))‘COi[i],i:l..n)lsum((DPi[l]l(Ti[i)‘M(l,A,O
UHD,Ca,C,S,COi,COZi,H,Wmn,OZi,N,Ml')))"(llZ)‘(I-MFG(i,A,OUHD,Ca,C,S,COl,COZl,
H,Wma,02i,N,M0),i=1..n);

#13
> m:= (Wma * 28.97+28.97)/(Wma*28.97/1 8.016)+1);

28.97 wma +28.97
1.608015098 Wma + 1

m:i=

#14
> PAFA := 14083.2'apa'CP'sqrt(PSpa'm)‘sum((DPpa[i]ﬂpa[l])"(1/2),I=1..n);
Spa (28.97 Wma +28.97)
1.608015098 wma + 1

DPpal DPpa2 DE’pa3 . DPpa4

+ +
Tpa N ‘Ip.a2 Tpa 3 Tpa4

P,
PAFA := 14088.2 apa CPf

> PAFB := 14088.2'apa'CP'sqrt(PSpa'm)‘sum((DPpa[l]frpa[l])"(1l2),l=1..n);

PSpa (28.97 wma +28.97
PAFB := 14088.2 apa CP ’ pa_( = )

1.608015098 wma + 1
D.
DPpal DPpa2 DPpa 3 Ppa 4
+ + + :
Tpal Tpaz ’11053 Tpa 4
#17

> FA -= 5348840° Areai*CP*sqri(PSi) sum((DPi[iJ/(M(l,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,021,N,M1)*Ti[i]))*(1/2)*(1-MFG(i,A,0UHD,Ca,C,S,C0I,C02l,H,Wma,02,N,Mf))*C
> 02i[iy100,i=1..n):

CAL CULATIOR EXPIDIENT -~ HSED LEAK CASE  FSUE GAS ouTllT cong P

FOA Gy CompPouTion  T0 ‘B’ S/DE HeaT PrPc, THS JuslT /o

A 2 oVD GHPS comPOS/ITON FOoA CALCULATING A Flow SAUT,
#18
> FB:= 5348840‘Areai'CP'sqn(PSI)'sum((DPI[l]I(M(I,A,0UHD.Ca,C,S,COo.CO2o,H,
> Wma,02o,N,Mf)'Ti[l]))"(112)'(1-MFG(i,A,OUHD,Ca,C,S,COO,COZO,H,Wma,OZO,N,M
> f))'C020[I]I100,I=1..n):

#19

> SA := FA/(FA+FB);

SA := 5348840 Areai CP JPSi {.01000000000 [DPil

(8.936000000 H+ %17 + M£ + 1801.600000 %)/((160.9909760 H

+ 18.01600000 %17 + 18.01600000 Mf

172
%2 (288.0800000 C‘O2.il +71.70000000 021'l + 50480.80000) J }]
Ti 1=

+
%16

05550621670 8.936000000 H+ %17 + Mf

4960035524 H+ 05550621670 %17 +.05550621670 Mf + 100. —‘}%2(—
IR\

COZil + 01000000000 [DE’JZ2 (8.936000000 H+ %15 + Mf + 1801.600000 ;1124}

/[(160.9909760 H+ 18.01600000 %15+ 18.01600000 Mf

172
%2 (288.0800000 CO2:£2 + 71.70000000 021’2 + 50480.8()000) ] ]}
Ti l.-

+
%14

8.936000000 H+ %!5+ Mf

05550621670

4960035524 H+.05550621670 %15 + .05550621670 M£ + 100. -—;%24—

| Oy
-0

—



2
C02i2+.0I000000000 [DPi3 (8.936000000 H+ %13 + M£ + 1801.600000 %2—)

/[(160.9909760 H+18.01600000 %13+ 18.01600000 Mf

172
%2 (288.0800000 COZ.L'3 + 71.70000000 02.713 + 50480.80000) J J]
Ti 1 -
3

%12

+

8.936000000 H+ %13 + Mf
05550621670

2
4960035524 H+.05550621670 %13 +.05550621670 M£ + 100. _‘}?-1_5.—

COZ.i3 +.01000000000 (Dl’i4 (8.936000000 H+ %11 + Mf + 1801.600000 :’120 ]

/((160.9909760 H+18.01600000 %11 +18.01600000 Mf

12
%2 (288.0800000 cozi4+7|.7ooooooo 021 4+50480.80000)
+ T 1. -
%10
8.936000000 H+ %L1 +Mf
05550621670 =3
4960035524 H+.05550621670 %11 +.05550621670 M£ + 100. AT
c0214 5348840 Areai cP JPsi | .01000000000 (DPil
%2
(8.936000000 H+ %17 + M + 1801.600000 %16 ]/ 160.9909760 X
(

+ 18.01600000 %17 + 18.01600000 Mf
172

+

%2 (288.0800000 co2i +7170000000 02i l+:u)480.80000)J
i
%16 |

‘( X ‘1]
05550621670 8.936000000) H+ W17+ Mf

4960035524 H+ 05550621670 %17 + 05550621670 ME + 100, —X2—

D16

C0211+.()l()00000000 (DP.i2 (8.936000000 H+ %15 + Mf + 1801.600000 ‘:124]

/[[160.9909760 H+ 18.01600000 %15+ 18.01600000 Mf

1”2
%2 (288.0800000 co2 1'2 +71.70000000 02 12 + 5048().80000) ] D
Ti 1. -

+

%14

05550621670 8.936000000 H+ %15+ Mf

4960035524 H+.05550621670 %15 + .05550621670 M£ + 100. 2

%14

C02i2¥.01000000000 (DPi3 (8.936000000 H+ %13 + Mf + 1801.600000 ‘Z,IZZJ

/[[160.9909760 H+ 18.01600000 %13 + 18.01600000 Mf

112
%2 (288.0800000 C021'3 + 71.70000000 0241'3 + 50480.8()0()0) J ]J
Ti L -

P12

+

' 05550621670 8.936000000 H+ %13 + Mf

4960035524 H+.05550621670 %13 +.05550621670 Mf£ + 100. —‘:122

C02i3+.01000000000 {Dl’i4 (8.936000000 H+ %11 + Mf + 1801.600000 ZIZ())

/[(160.9909760 H+ 18.01600000 %11+ 18.01600000 Mf

12
%2 (288.0800000 C021'4+7|.7000()000 02i4+50480.80000)
T‘,i4 l.-

%10

+

Gy

L



8.936000000 H+ %1l + Mf

. (0
05550621670 %

4960035524 H+ 05550621670 %11 +.05550621670 M£+ 100. %10
(4

C02i4 + 5348840 Areai cP JPSi | .01000000000 [DPJZl

(8.936000000 H+ %9 + Mf + 1801.600000 :z )/[(160.9909760 H

+ 18.01600000 %Y + 18.01600000 Mf

172
%2 (288.0800000 COZol + 71.70000000 020l + 50480.80000)] D
Ti 1

+

%8

8.936000000 H+ %9 + Mf

-.05550621670 %2
4960035524 H+ .05550621670 %9 +.05550621670 M£ + 100. %8

(_‘020l +.01000000000 (DPi2 (8.936000000 H+ %7 + Mf + 1801.600000 %)/(

(160.9909760 H+ 18.01600000 %7 + 18.01600000 Mf

12
%2 (288.08000()0 COZo2 + 71.70000000 0202 + 50480.80000) J D
Ti 1

+

%6

936000000 H+ %7 + Mf
-.05550621670 893

4960035524 H+.05550621670 %7 +.05550621670 M£ + 100. -%

C0202+.0100000()000 (DPJ‘.3 (8.936000000 H+ %5 + M£ + 1801.600000 Z:j )/(

[160.9909760 H+ 18.01600000 %5 + 18.01600000 Mf

+

Y02 (288.0800000 CO2o3 + 71.70000000 O2o3 + 5()480.80()()0)

12

|
| -.05550621670

Y04

8.936000000 H+ %5 + Mf

o)

4960035524 H+.05550621670 %S5 + .05550621670 Mf£ + 100.

C0203+.01000000000 [DPi4 (8.936000000 H+ %3 + Mf + 1801.600000

(160.9909760 H+ 18.01600000 %3 + 18.01600000 Mf

+

%2 (288.0800000 €020, +71.70000000 0204+50480.80000)

4

e

P2
%1

172

-.05550621670

%1

8.936000000 H+ %3 + Mf

B

)/

CO20
4

%1 := 12.01000000 C0204+ 12.01000000 COo4

%2 :=C-1.

l.-1. ca

%3 =

wma (36.46063760

A OUHD Ca — 3333333333 A (1.~ 1. OUHD) Ca .

1.-.3333333333 ca

(100.—1. Coo —1. €020 —1. 020 ) %2
4 4

%l

%4 ;= 12.01000000 C0203+ 12.01000000 COo3

%S =

Wma (36.46063760

100. - 1. -1 -1. 02 %2
(00 1 coo, 1 c0203 1 003)

%4

%l

3744932959 s

- 1.301236174 NJ

\
= 1.301236174 NJ

(,"'
<

(V)

b
4960035524 H+ 05550621670 %3 +.05550621670 Mf£ + 100. X2



%06 :

12.01000000 C0202+ 12.01000000 C‘Oo2

%7 =

(100.—1. COoz—l. cozoz—l.

Wma (36.46063760 %6

%8 := 12.01000000 C‘020l + 12.01000000 C‘Ool

%9 :=

(100. -1 COol -1 c:o.?ol -1

hWma [ 36.46063760 %38

%10 := 12.01000000 002i4+ 12.01000000 COz'4

Dl =

- 1. i —1. i -1
(100 1 co;4 1 00214

Wma (36.46063760 %10

%12 := 12.01000000 C02.i3+ 12.01000000 COi3

P13 :=

(100.- 1. 0013— 1. c0213— 1.

Wma (36.46063760 %2

%14 := 12.01000000 C02i2+ 12.01000000 Coi2

D15 =

100.-1. coi_-1. co2i_-1.
2 2

4
Wma (36 6063760 %14

%16 := 12.01000000 C02il+12.()l()0()000 COil

%17 =

(100.—1. coil~1. coz.il—-l.

0202) %2
-1.301236174
020 1) %2
- 1.301236174
02.14) %2
-1.301236174
02i ) %2
-1.301236174
02i
12) %2
-1.301236174
i 2
02.11) %

~1.301236174

4
Wma (36 6063760 Y

#20

SB := FB/(FA+FB);

SB:= 5348840 Areai CP JPSi [ .01000000000 [DPJZ

1

(8.936000000 H+ %9 + Mf + 1801.600000 %)/((160.9909760 H

+ 18.01600000 %9 + 18.01600000 Mf

172
%2 (288.0800000 COZoI +71.70000000 020l + 50480.80000)
Til 1

+ %8

8.936000000 H+ %9 + Mf

~.05550621670

4960035524 H+.05550621670 %9 +.05550621670 Mf + 100. —

P02
%8

COZoI + 01000000000 [DP.i2 (8.936000()00 H+ %7+ Mf + 1801.600000 %J/[

6

(160.9909760 H+18.01600000 %7+ 18.01600000 Mf

%2 (288.0800000 €020, +71.70000000 0202+50480.80000)
+ i) 1

%6

8.936000000 H+ %7 + Mf

-.05550621670 %2
4960035524 H+.05550621670 %7 +.05550621670 Mf + 100. %6

=)

C‘0202+.01000000000 [DPi3 (8.936000000 H+ %5 + Mf + 1801.600000

(160.9909760 H+ 18.01600000 %S + 18.01600000 Mf

112
%2 (288.0800000 COZo3 + 71.70000000 0203 + 50480.80000)
Ti 3 1

Jod

+



8936000000 H+ %S + Mf
—-.05550621670

%2
4960035524 H+ 05550621670 %5 +.05550621670 M£ + 100. =

%4

%2
C020, + 01000000000 (DPi4 (8.936000000 H+ %3 + Mf + 1801.600000 -;ﬁ—)/[

[I60.9909760 H+ 18.01600000 %3 + 18.01600000 Mf

12

%2 (288.08000()0 cozo4 + 717000 ozod+so4so.xo(x>0)] ]]
Ti i
4

% |

+

8.936000000 H+ %3 + Mf
- 05550621670

%2
4960035524 H+ .05550621670 %3 +.05550621670 Mf+ 100. ——

%1

C‘OZo4 5348840 Areai CP JPSi | .01000000000 (DPJZl

%2
%16

(8.936000000 H+ %17 + Mf + 1801.600000 )/ 160.9909760 H

+ 18.01600000 %17 + 18.01600000 Mf

172
%02 (288.0800()()0 C‘O2.L'l + 71.70000000 021'l + 50480.80000) ] ]]
Ti l.-
1

%16

+

8.936000000 H+ %17 + Mf
05550621670

%2
4960035524 H+.05550621670 %17 +.05550621670 Mf£ + 100. %6

%02
COZil +.01000000000 (Dpi2 (8.936000000 H+ %15+ Mf + 1801.600000 W)

/[(160.9909760 H+ 18.01600000 %15 + 18.01600000 Mf

. 05550621670

12
%2 (288.0800000. c0212 + 7170000000 021’2 + 5()48().80()0()) ] D
Ti 1. -

+

%14

8.936000000 H
l 05550621670 + %15 + Mf

14960035524 H+ .05550621670 %15 + .05550621670 Mf + 100. ‘;70124
(4

‘ C02i2+.010000()000() (DPi3 (84936000000 H+ %13 + Mf + 1801.600000 (;quzz }
|

/([160.9909760 H+ 18.01600000 %13 + 18.01600000 Mf

172
%2 (288.0800000 C02i3 + 71.70000000 02.i3 + 50480.80000) ] J]
Ti 1 -

+

%12

05550621670 8.936000000 H+ %13 + Mf

4960035524 H+.05550621670 %13 +.05550621670 Mf + 100. ‘:127

C02.i3+.0]000000000 [DP.i4 (8.936000000 H+ %11 + Mf£ + 1801.600000 —%‘?‘%—J

/([160.9909760 H+18.01600000 %11+ 18.01600000 Mf

112
%2 (288.0800000 (:‘02124 + 71.70000000 02.1'4 + 50480.80000) ] JJ
Ti I -

+

%10

8.936000000 H+ %11 + Mf

%2
P10

4960035524 H+.05550621670 %11 +.05550621670 Mf + 100.

CO2.1'4 + 5348840 Areai CP JPSi | .01000000000 (Dpil

o)

D



(8.936000000 H+ %9 + Mf + 1801.600000 %)/[(160.9909760 H

+ 18.01600000 %9 + 18.01600000 Mf

12
%2 (288.0800000 cozol + 71.70000000 020| + 5048080000)] D
Ti 1

+ %8

8.936000000 H+ %9 + Mf

—.05550621670 %2
4960035524 H+ 05550621670 %9 +.05550621670 ML+ 100, %8

CO2ol +.01000000000 (DPJC2 (8.936000000 H+ %7+ M£ + 1801.600000 Zz J/[

(160.9909760 H+ 18.01600000 %7 + 18.01600000 Mf

12
%2 (288.0800000 CO202+71.70000000 0202+50480.80000)J ]]
Ti 1
2

%6

+

8.936000000 H+ %7 + Mf

-.05550621670 72

4960035524 H+.05550621670 %7 +.05550621670 M£+ 100. %6
(4

C0202+.01000000000 [DPi3 (8.936000000 H+ %S5 + M£ + 1801.600000 :i )/[
[160.9909760 H+ 18.01600000 %5 + 18.01600000 Mf

172
%2 (288.08000()0 C0203+7l.70000000 0203+50480.80000)
’I‘i3 1

+
%4

8.936000000 H+ %5 + Mf

~.05550621670 %2
4960035524 H+.05550621670 %5 +.05550621670 Mf£ + 100. vy

C0203+‘01000000000 {DPi4 (8.9360()0000 H+ %3+ Mf + 1801.600000 Z”T )/
(

[160.9909760 H+ 18.01600000 %3 + 18.01600000 Mf

172
o2 (288.0800000 C’OZo4 + 71.70000000 0204 + 50480.80()00) } D
Ti l

+
%1

— 05550621670 8.936000000 H+ %3 + Mf

4960035524 H+ .05550621670 %3 + .05550621670 Mf£ + 100. -—zf—

CO20

%1 :=12.01000000 C0204+ 12.01000000 COo4

A OUHD Ca A (l.-1. OUHD) Ca
%2:=C-1l. ———.
l.-1. ca 3333333333 1. -.3333333333 ca

+.3744932959 s

%3 =

N

- 1.301236174 Ni

7

100. - 1. -1 -1 ¢
(00 1 COO4 1 cozo4 1 ozo),'oz

wma | 36.46063760
[ 7 Do t

!%4 1= 12.01000000 COZo3 -+ 12.01000000 CDo3

%S =

(IOO.—l. co:>3—|. C0203—L 020 ) %2 |
- 1301236174 N!

’

wma | 36.46063760
( 37 %4

%6 := 12.01000000 C0202+ 12.01000000 COo2

%7 =

100. - 1. -1 -1 N
(00 1 coo, 1 cozo2 1 020)%2

~ 1301236174 N

wWma | 36.4 7
[3 6063760 %6

™
o
=



%8 := 12.01000000 C020l + 12.01000000 C‘Ool

%9 =

(100.—1. COol—l. CO2ol—l. 0201) %2
wma | 36.46063760 %8 -1.301236174 N
¢
%10 := 12.01000000 C02i4+ 12.01000000 coi4
Bl =
(lm.—l. Coi4-l. cozi4-1. 02.1'4) %2
wma | 36.46063760 - 1301236174 N
%10
%12 := 12.01000000 c0213+ 12.01000000 coi3
%13 .=
(IOO.-L coi3—l. c021'3—1. 021'3) %2
wma | 36.46063760 AP -1.301236174 N
%14 := 12.01000000 C02i2+ 12.01000000 coi2
%15 =
(100.—1. coiz—l. c021‘2-1. 021'2) %2
wma | 36.46063760 - 1301236174 N
%14
%16 := 12.01000000 cozil + 12.01000000 coil
%17 :=
(100.—1. COil—l. cozil—l. 021 ) %2

Wma (36.46063760 T

-1.301236174 N]

> sigmaSA := sqrt(

> DIff(SA,CO2avei)*2*varCO2avei +

> DIt{(SA,COavei)*2'varCOavei +

> DIitf{(SA,O2avei)*2*varO2avel +

Dit{(SA,CO2aveo)*2*varCO2aveo +

Diff(SA,COaveo)”~2*varCOaveo +

Ditf{(SA,02aveo)*2*varO2aveo +

Ditf(SA,Wfe)*2*varWfe +

Ditf(SA,Areal)*2*varAreai +

Dif{(SA,CP)*2'varCP +

DIitf(SA,PSi)*2*varPSi +

Diff(SA,A)*2*varA +

Dift{(SA,OUHD)*2*varOUHD +

Dift{(SA,Ca)*2*varCa +

Dift(SA,C)*Dif{(SA,C)*varC +

Diff(SA,S)'Diff(SA,S)"varS +

> Diff(SA,H)"DIff(SA,H)*varH +

> Diff(SA,Wma)*Diff(SA,Wma)‘varWma +

DIff(SA,N)*Diff(SA,N)*varN +

Ditf(SA,Mf)*Diff(SA,Mf)*varMf +

sum(

Difi(SA,DPi[i])*DIff(SA, DPi[i])*varDPi[i,I] +

DIff(SA, Ti[i])*DIf{(SA, TI[i])*varTi[i,i] +

Diff(SA,COI[i])*Diff(SA,COI[i])*varCOi[i,i] +

Dift(SA,CO2i[i))* Diff(SA,CO2i[i])*'varCO2i[l,i] +

DIff(SA,02i[i]) Diff(SA,O2i[i])*varO2i[i,i] +

Diff(SA,COoli])* Diff(SA,COo[i])*varCOolii] +

DIft(SA,CO20]i])*Diff(SA,CO20[i])*varCO20ji,i] +

~H

Q



> Diff(SA,020[i])*Diff(SA,020(i])*varO2ofi,]

> I=1.n)):

> sigmaSA := value(“):

Constants

Averages and Randoin Error Variances (Copied from Part A -- function of sample size n)

> CO2avel := 15.2148;
CO2avei :=15.2148

> varCO2avei := .102/2;
varCo2avei = .010404

> COavel :=.005;
Coaveli :=.005

> varCOavel := .000242;
4 107

varCOavei :

> O2avei := 3.8;
O2avel =38

> varO2avei :=.01118~2;
varO2avei :=.0001249924

> CO2aveo := 14.145;
CO2aveo = 14.145

> varCO2aveo := .086672;
varCO2aveo = .00749956

> COaveo := .005;
COaveo :=.005

> varCOaveo :=.000204+2;

varCoOaveo = 41616 10'7

> O2aveo := 5;
O2aveo:=5

> varO2aveo :=.010206"2;
varoO2aveo :=.000104162436

Constants for Random Error Propagation

Coal Feed Rate (Ibs/hir) re

> Wfe := 115839;

Wfe := 115839

> varWfe := (0.0025*Wfe)"2;

varWfe := 83866.71200

Area (square ft) re

> Areal := 3.99;

Areai =399

> varAreal := (0.0335'Area'|')72;

varAreai :=.01786633223

i

!

> Areao := 3.54;

Areao :=3.54

> varAreao := (0.0364*Areao)”2;

? varAreao :=.01660386874

Pitot Coefficient re

> CP :=0.84;

cP:=.84
te varCP := (0)"2;
varCpP:=0
Pressure Amblent or Barometric re
> PSl := 29.23;
PSi:=2923

> varPSl := (0.04)~2;

varpPsi :=.0016

> PSo :=29.1;

PSo:=29.1

> varPSo := (0.04)2;

varpPSo :=.0016

Pressue for primary air

> PSpa := 31.11;

PSpa:=31.11

> varPSpa := (0.04)~2;
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varPSpa = .0016

Velocity Head DP re

v := .45802;
v:=.45802

DPo := array([seq(v,i=1..n)]);
DPo :=[.45802 .45802 45802 .45802]

u :=.00005~2;

ui=25 1078

var := array([seq(u,i=1..n)]);
var:=[25 108 25 108 25 108 25 108]

varDPo := make_array(var,n);
varDPo = varcovar

v := .82831;
v:=.82831

DPi := array([seq(v,i=1..n)});
DPi:=[.82831 .82831 .82831 .82831]

u :=.00005%2;

u:=25 108

var := array([seq(u,i=1..n)]);
var=[25 108 25 10 25 108 25 10°8]

varDPi := make_array(var,n);
varDPi = varcovar

v:=.2171;
v:=.2171

DPpa := array([seq(v,i=1..n)]);
DPpa:=[.2171 2171 2171 .2171]

u := (0.00005)*2;

u:=.25 108

varDPpa := array({seq(u,i=1..n)});
varpepa:=[ .25 108 25 108 25 108 25 108]

v:= 1104;

v:.= 1104

> Tpa := array({seq(v,i=1..n)]);
Tpa:=[1104 1104 1104 1104]

> U := (0.005%(v - 460))"2;

u := 10.368400

> varTpa := array([seq(u,i=1..n)]);
varTpa :=[10.368400 10.368400 10.368400 10.368400]

Temperature (R) re
> Vvi=713;

v:i=713

> To := array([seq(v,I=1..n)]);
To:=[713 713 713 713}

> U := (0.005°(v-460))*2;
u = 1.600225

> var := array([seq(u,i=1..n)]);
var:=[1.600225 1.600225 1.600225 1.600225]

> varTo := make_array(var,n);

varTo ;= varcovar

> v = 1140;
v:= 1140

> Ti:= array([seq(v,i=1..n)]);
Ti:=[1140 1140 1140 1140]

> u:=(0.005*(v-460))*2;
u ;= 11.560000

> var := array([seq(u,i=1..n)));
var = [11.560000 11.560000 11.560000 11.560000]

> varTi := make_array(var,n);

varTi ;= varcovar

Moisture in Ash re
> Mf :=0.06;

Mf:=.06
> varMf := ((0.2+0.12*Mf*100)/(2*1.414°100))*2;
varMf ;= 00001058319613

Ash re
> A:= 0.0619;
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A:=.00619

> varA := (( 0.07+0.02°A*100)/(2°1.414°100))~2;

vara = 4696223261 1076

QOverhead re

> OUHD := 0.9;

OUHD:=9Y
> varOUHD := (0.1*OUHD)*2;
varOUHD := .0081
Carbon re
> C:=0.7381;
C:=.7381

> varC := (0.64/(2*1.414*100))"2;
varcC:=.5121546706 107

Hydrogen re

> H:=0.0482;
H:=.0482

> varH := (0.16/(2°1.414°100))"2;
varH:= 3200966692 10°°

Nitrogen re

> N :=0.0135;
N:=.0135

> varN := (0.11/(2°1.414100))~2;
varN:=.1512956913 1076

Sulfur re

> S$:=0.0123;
5:=.0123

> varS := ((0.06+0.035°S*100)/(2*1.414°100))°2;
vars:=.1327813813 100

CO2 re

> v = 14.145;
v:= 14.145

> €020 := array([seq(v,i=1..n)]);

CO20:=[14.145 4145 14145 14.145]

> u:=(0.03'v)"2;
u = .1800729225

> var := array([seq(u,i=1..n)]);
var:=(.1800729225 .1800729225 .1800729225 .1800729225]

b varC0O20 := make_array(var,n);
varCO2o0 .= varcovar

> v := 15.2148;
vi=152148

> CO2i := array([seq(v,i=1..n)]);
Cco21i:=[152148 152148 152148 15.2148]}

> u := (0.03*v)*2;
u :=.2083411251

> var := array([seq(u,i=1..n)]);
var:=[.208341125!1 .2083411251 .208341125] .2083411251]

> varCO2I := make_array(var,n);
varC021 := varcovar

02 re

>v:=5;
vi=S5

> 020 := array([seq(v,i=1..n)]);
020:=[5 5 5 S5]

> u:=(0.05)*2;
u :=.0025

> var := array([seq(u,i=1..n)]);
var:=[.0025 .0025 .0025 .0025]

> varO2o := make_array(var,n);
var02o := varcovar

'

> v:=3.8;
v:i=38

i> 02i := array([seq(v,I=1..n)]);
’ 02i:=[38 38 38 38]

> u:= (0.05)72;
u:=.0025

> var := array([seq(u,i=1..n)]);
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var :=[.0025 0025 0025 .0025] varCa = .(XXX)236196
> varO2i := make_array(var,n);

varO2i := varcovar Area for Primary Air re
> apa := 0.63;
" Moisture (air) re apa :=.63
> Wma := 0.013; > varapa := (0.0208*apa)~2;
Wma := .013 varapa :=.000171714816

> varWma := (.2°Wma)~2;

varima := 676 1073

CO re Results
> v := 0.005;
vi= .005 ".‘t.ll.tli“."OOQ‘0.‘.0“‘00&‘#‘.““".!‘.“.t“0““..“..“‘0“‘##‘..
> COo := array([seq(v,i=1..n)}); > evalf(SA);
COo:={.005 .005 .005 .005] 5168579433
> u:=(0.001)~2; > eval(sigmaSA); _ i )
! 1075 004864108802 ¥V, =0, 00U A— Fen wz 20
u::=,

> eval(100*sigmaSA/SA);
> var := array([seq(u,i=1..n)]); ( 9 ) 9410920089

var :=[.l 107 11073 11073 .1 IO'S] MRS L L T T T P P P prpurpwppwws
> varCQOo := make_array(var,n); >
varCOo .= varcovar

» v := 0.005;
v:=.005

» COI := array([seq(v,i=1..n)));
COoi:=[.005 .005 .005 .005]

"u:= (0.001)72;
ui=.1 1073

© var := array([seq(u,i=1..n)]);
var:=[.1 105 1 105 4 105 10-5]
varCOi := make_array(var,n);

varCO1 := varcovar

Carbonin Ash re
Ca :=0.0486;

Ca :=.0486

varCa := (0.1*Ca)*2;



Appendix I-1
Bias Error Calculation
Secondary Air Inlet Flow -- Zero Leak Case

>

>

| Error Propagation Calculations, Part B, Secondary Airflow Wsai with No Leakage

#4
> MFG := proc(A,0OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);
|
;> Cb:=C-Cr;

l> K3 := (Cb+12.01°5/32.07)/(12.01°(CO2 + CO));

I> K4 := 8.936*"H + Wma*((28.02*(100-C0O-C02-02)*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100"K3)

> end;
Warning, "Cr’ is implicitly declared local
Warning, 'Cb° is implicitly declared local
Warning, 'K3' is implicitly declared local
Warning, 'X4' is implicitly declared local
Warning, 'MrFrG' is implicitly declared local

WFG :=

proc (A, OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)
local Cr,Cb,K3,K4,MFG;
Cr i= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb = C-Cr;
! K3 := (Cb+.3744932959*S)/(12.01*C02+12.01*C0);
' Kd := 8.936*H+Wma*(36.46063760*(100-CO-C02-02)*K3~1.301236174*»
MFG := .05550621670*K4/(.05550621670*K4&+100*K3)
H end

> Mfg := MFG(A,OUHD,Ca,C,S,COavel,CO2avei,H,Wma,O2avel,N,Mf);
| MFg:= 05550621670 (8.936 H

(100 -~ coavel ~ CO2avei —- 02avei) %l

-1 4
12.01 co2avei+ 12.0]1 COavei 1.30123617

+ Wma (36.4606376()

+ Mf)/(.496()035524 H+.05550621670

<
o
W



(100 - coavel — CO2avel — 02avei) bl
12.01 co2avei+ 1201 Coavei

Wma (36.46063760 - 1301236174 N]

%1
05550621670 M£ + 100
+ 03550621670 ME + 1201 cozavei + 12,01 COavei]

g1 :=c-AOUHD Ca 1 A (1-0UHD) €2, 3744932059 s

- 3
I-Ca l—% Ca

> p1 := CO2avei*(6.214°12+(10.396/1000)"12°2/2-(3.545/1000000)"t23/3-(6.214°t1+(1
> 0.396/1000)*t142/2-(3.545/1000000)*t143/3));

pl:=Ccozavei (6.214 £2+.005198000000 £22 1181666667 107 £23-6214 €1
- 005198000000 12+ 1181666667 107 £1°)

> p2 := COavei*(6.420*12+(1.665/1000)*t2~2/2-(0.196/1000000)"t2~3/3-(6.420°t1+(1.66
> 5/1000)*t142/2-(0.196/1000000)'t173/3));

p2:=Coavei (6420 £2+ 0008325000000 £22 - 6533333333 107 £23-6.420 1
— 0008325000000 c12+ 6533333333 1077 £13)

> p3 := O2avei*(6.148°12+(3.102/1000)"1272/2-(0.923/1000000)"12~3/3-(6.148*t1+(3.10
> 2/1000)*t142/2-(0.923/1000000)*t143/3));

p3i=02avei (6.148 £2+.001551000000 2%~ 3076666666 106 ¢2 - 6.148 ¢t1
~ 001551000000 £12 + 3076666666 100 £13)

> N2avei := 100 - CO2avei - COavel - O2avel;
N2avei := |00 — COavel ~ CO2avel — O2avel

> pd := N2avei*(6.524*12+(1.250/1000)*t2~2/2-(0.001/1000000) 12~ 3/3-(6.524"t1+(1.25
> 0/1000)*t142/2-(0.001/1000000)*t143/3));

p4d:=(100 - Coavei - CO2avei — O2avel) (6.524 t2 + .0006250000000 2
-.3333333333 l0-9 c23 -6.524 t1-.0006250000000 t12

2

+ 3333333333 107 ¢13)

> P5 := Mig*(7.256°12+(2.298/1000)"12~2/2+(0.283/1000000)"123/3-(7.256 "t 1+(2.298/1
> 000)°t1+2/2+(0.283/1000000)*t143/3));

p5 = .05550621670 (8.936 H

(100 — Coavel — CO2avei — O2avei) %l
12.01 co2avei + 1201 CoOavei

-7

- 1.301236174 »

+ Wma (36.46063760

3

+Mf) (7.256 t2 +.001149000000 c22+.9433333332 1077 €27 -17.256 t1

| — 001149000000 £12 - 9433333332 1077 £13) / (.4960035524 H+ 05550621670

(100 - coavei - CO2avei - O2avei) %!
12.01 co2avei + 12.0]1 CoOavei

! wma (36.46063760 - 1301236174 N)

%1
+ 03550621670 ME+ 100 o o avet + 1201 COave.i)

D p—

| glic-AOUHD Ca 1 A (1-OUHD) Ca 4344937959 s
! 1-Cca 3 1

| l—g Ca

> Cpfg := (1/(12-11))*({((1-Mfg))* (p1+p2+p3+p4)+100*p5)/100;
1
PLI=100

8936 H+ %4 + Mf

1 -.05550621670

2

[’
A

4960035524 H +.05550621670 %4 + .05550621670 Mf + 100

2

(COZavei (6.2]4 t2 +.005198000000 ¢£2° -.1181666667 10'S c23—6.214 tl

— 005198000000 £12+.1181666667 10° £13)+ coavei (6.420 2
+.0008325000000 £22 - 6533333333 1077 23 -6.420 £1 - 0008325000000 £1°
+ 6533333333 107 £13)+ 02avesi (6.148 £2+.001551000000 27

— 3076666666 1078 £23-6.148 £1~.001551000000 £12 + 3076666666 1076 ¢1°
)+ %3 (6.524 £2+.0006250000000 £22 - 3333333333 10 e23-6.524 €2

| 0006250000000 £1% 4+ 3333333333 1070 £1%))+ 5550621670

24 9433333332 1077 23

(8.936 H+ %4 + ML) (7.256 t2+.001149000000 c2 t2

~7.256 £1-.001149000000 £1%— 9433333332 107 c13)/(

S
Q
<



N
4960035524 H+.05550621670 %4 +.05550621670 M£+ 100 %) (t2-¢1)
o

%1 :=12.01 co2avei+ 1201 Coavei

A OUHD C. 1 A - OUHD
%2:=C- a_1ad ) €8 | 3744932959 s
l-cCa 3 1
l—'i ca

%3 := 100 - COaveli — CO2avel - 02avei

%3 %2

%4 .= 6.
Wma (3 46063760 =1

- 1.301236174 N]

> p3 := 21°(6.148"14+(3.102/1000)*14~2/2-(0.923/1000000)"14~3/3-(6.14813+(3.102/10
> 00)*t372/2-(0.923/1000000)*t3~3/3));

p3:=129.108 £4+.03257100000 t42 - 6460999999 105 ¢4
— 03257100000 £32 +.6460999999 1073 ¢33

3 _129.108 ¢3

> pd := 79°(6.524*14+(1.250/1000)*t442/2-(0.001/1000000)*1473/3-(6.524*13+(1.250/10
> 00)*t342/2-(0.001/1000000)*t3~3/3));

p4:=515396 td4+.04937500000 t4
- 04937500000 :32+.2633333333 107 e3

2 3

- 2633333333 1077 ¢4
3

-515396 t3

> amp := ((28.97*Wma*100)/18.015)/(28.97*Wma/18.015 +1);
Wma

= 160.810435
amp 357 508102357 wma+ 1

> p5 := amp*(7.25614+(2.298/1000)*14~2/2+(0.283/1000000)"14~3/3-(7.256"13+(2.298/
> 1000)*t342/2+(0.283/1000000)"t3*3/3));

2 3

5= 1608104357 mma (7.256 £4+.001149000000 ¢42+.9433333332 1077 ¢4
~7.256 £3~.001149000000 £32 - 9433333332 107 £33)/(1.608104357 wma + 1)

> Cpal := (1/(t4-13))*(((100-Mtg)/100)*(p3+p4)+p5)/100;
| 1
Cpal =100 (m ( 100 - .05550621670 (8.936 H
(100 - COavei - CO2avei - O2avei) %l

12.01 co2avei + 12.01 Coavei

e’

+ Wma (36.46063760 - 1301236174 N

+ Mf)/(.4‘)60035524 H+.05550621670

(100 - Coaveli ~ CO2avei — 02avei) %l
12.01 co2avei+ 12.01 Coavei

“70] - (644.504 t4
12.01 co2avei +12.01 Coavei

Wma (36.46063760 - 1.301236174 NJ

+.05550621670 M£+ 100

+ 08194600000 t42 — 6487333332 1075 £4> - 644.504 £3 — 08194600000 ¢3°

+ 6487333332 1075 £3%)+ 160.8104357 wma (7.256 £4+.001149000000 £4°

+.9433333332 1077 £43-7.256 £3 - 001149000000 ¢32 - 9433333332 1077 ¢3°

)/( 1.608104357 wma + 1 ))/( td-t3)

| AOUHD Ca | A (1-OUHD) Ca
! %!l =C- -z

+.3744932959 S
l-cCca 3

1
l—g Ca

> p3:= 21*(6.14818+(3.102/1000)*t82/2-(0.923/1000000)"t8*3/3-(6.148°t7+(3.102/1 0
> 00)*t742/2-(0.923/1000000)*t743/3));

p3:=129.108 ¢t8+.03257100000 t82 -.6460999999 10
-.03257100000 t72 +.6460999999 107 e73

-5 53

8 -129.108 ¢7

|
> pd := 79*(6.524*18+(1.250/1000)"t8* 2/2-(0.001/1000000)"t8~3/3-(6.524"17+(1.250/10
> 00)*t7~2/2-(0.001/1000000)*t7~3/3));

pd:=515.396 £8+ 04937500000 82 — 2633333333 1077 8
— 04937500000 £72 + 2633333333 1077 £73

3 515396 ¢7

> p5 := amp*(7.256'18+(2.298/1000)"18~2/2+(0.283/1000000)"18~3/3-(7.256"17+(2.298/

‘> 1000)*1742/2+(0.283/1000000)"t743/3));

5 1= 1608104357 wma (7.256 £8 + 001149000000 £82+ 9433333332 107 8

7256 £7- 001149000000 ¢72 — 9433333332 1077 £73)/(1.608104357 Hma + |

> Cpsa := (1/(18-17))"(((100-M{g)/100)*(p3+p4)+p5)/100;

Cpsa :=l—!-.0 (T(l)"o (100 ~ 05550621670 (8.‘)36 H
(100 - COavei — CO2avei — 02aveli) %l )
~ 1301236174 2.
+ Hma (3 6.46063760 1201 COZavei+ 1201 Coavel :
o™~
O

2



+ ij/(.4‘)60035524 H+ 05550621670

(100 - coavei — CO2avei — O2avei) %l
12.01 co2avei + 12,0l CcOavei

%1
12.01 co2avei+ 12.01 Coavei D (644'504 e8

+ 08194600000 £82 — 6487333332 105 £8% - 644.504 £7 — 08194600000 £7°
+ 6487333332 1075 £73)+ 160.8104357 wma (7.256 £8-+.001149000000 8
+ 9433333332 1077 £8%-7.256 £7 - .001149000000 ¢7% — 9433333332 107 &7

hWma (36.46063760 - 1.301236174 N)

+.05550621670 Mf£+ 100

3
)/( 1.608104357 wma + 1))/( t8-1t7)

O p—
%l =2 OUHD Ca 1 A (1-0UHD) Ca | 4344037959 5

1-ca 3 l—lC
3 Ca

> 3 := 21°(6.148°16+(3.102/1000)"t672/2-(0.923/1000000) 16~ 3/3-(6.148°15+(3.102/10
> 00)°1542/2-(0.923/1000000)*t543/3));

p3:=129.108 £6+.03257100000 £62 — 6460999999 107 t6
— 03257100000 £52 +.6460999999 105 53

3_129.108 ¢5

> pd := 79*(6.524*t6+(1.250/1000)*16~2/2-(0.001/1000000)*t6+3/3-(6.524*15+(1.250/10
> 00)*t5~2/2-(0.001/1000000)*t5~3/3));

p4d:=515396 t6+.04937500000 t6
- 04937500000 t52+.2633333333 107 e5

2 3

—-.2633333333 107 £63-51539 ¢5

3

> p5 := amp*(7.256°16+(2.298/1000)*1672/2+(0.283/1000000)"t6~3/3-(7.256*15+(2.298/
> 1000)"t542/2+(0.283/1000000)*15°3/3));

p5 1= 1608104357 wna (7.256 £6+.001149000000 £62 + 9433333332 107 ¢6
7256 £5—.001149000000 £52— 9433333332 1077 £53)/(1.608104357 Wma+1)

2 3

> Cppa := (1/(16-15))*(((100-Mfg)/100)*(p3+p4)+p5)/100;
| 1
Cppa =100 (m (100—.05550621670 (8.936 H
{ (100 - coavei — CO2avel ~ O2avei) %l

' 60
+ hma L36 460637 1201 Co2avei+ 12.01 Coavei

- 1.301236174 N)

+ Mf]/(.496()035524 H+ 05550621670

(100 -~ Coavei — CO2avei — O2avei) %l
12.01 co2avei + 12.01 CoOavei

%l D (644.504 c6

Wma (36‘46063760 - 1.301236174 N)

(
+ 05550621670 ME+ ”9 12.01 co2avei+ 120l CcOoavei

+ 08194600000 £62 — 6487333332 1075 €67 ~644.504 £5— 08194600000 £5°
46487333332 107 £53)+ 1608104357 wma (7.256 £6+.001149000000 ¢6°

+.0433333332 10”7 £63-7.256 £5— 001149000000 ¢5% - 9433333332 107 ¢5
)/(1.608104357 wma + l))/(cc?— £5)

A OUHD Ca | A (1-OUHD) Ca

+.3744932959 s
l-ca 3

%l :=C-
l—~l- Ca
3

t

>

> Wsal := (Wfgi*(Cptg*(Tfgi-Tfgo) - AL*Cpal*(Tfgo-Tsai)) - Wpai*Cppa*(Tpao-Tsai))/
> (Cpsa*(Tsao-Tsal)'Wfe*SA);

936 H+ %4+ ME
wsai := 100 (WEgi (—1— ((1 - 05550621670 ~ - ) (cozavei (

100 %5
6214 £2+ 005198000000 ¢2°—.1181666667 107 £2°-6.214 ¢1
— 005198000000 £12+ 1181666667 1075 £13)+ coavei (6420 ¢2
+ 0008325000000 €22~ 6533333333 107 £23-6.420 £1~ 0008325000000 ¢1°
+ 6533333333 107 ¢1%)+ 02avei (6.148 £2+.001551000000 2
— 3076666666 100 £23-6.148 1~ 001551000000 t1%+ 3076666666 10
)+ a3 (6.524 £2+.0006250000000 ¢2% - 3333333333 1070 £23-6.524 ¢1
~ 0006250000000 £12+ 3333333333 10" £1%))+5.550621670
(8.936 H+%a4+u£) (7,256 £2+.001149000000 2%+ 9433333332 1077 e2

6 cl‘:

3

~7.256 £1-.001149000000 £12 - 9433333332 1077 c13)/(%5)) (Tfgi- Tfgo-

8.936 H+ %4+ Mf
%5

[(e2- c1)-ﬁ AL (L (100—-.0555062l670

100
- 0BI94600000 42 — 6487333332 1075 £4® —644.504 £3 - 08194600000 £3°

) (634504 ¢

S~
S
S



i . N Ane
+ 6487333332 105 £33)+ 160.8104357 wma (7.256 £d+ 001149000000 £4° > Diff(Wsal,COavei)"2varCOavel +

+ 9433333332 1077 £43-7.256 £3- 001149000000 £3° — 9433333332 1077 £33 > Diff(Wsal,02avei)"2*varO2avei +

1
)/(1.608104357 wma + l)) (Tfgo- Tsai)/(td -3 )J'R Wpai ( ! > Diff(Wsal,Wfe)*2*varWfe +

100
(10()—.05550621670 8.93¢ - S%“"f ) (644.504 £6+.08194600000 t6° > Dift(Wsal,A)*2'varA +
AN

6487333332 1075 £63 - 644.504 £5- 08194600000 52 > Ditf(Wsal,0UHD)"2varOUHD +
+.6487333332 107 c53)+160.8104357 Wna (7.256 £6 + 001149000000 ¢6° ‘> Diff(Wsai,Ca)*2*varCa +
+9433333332 107 £63-7.256 £5-.001149000000 £52 - 9433333332 1077 ¢53 > Difi(Wsal,C)'Diff(Wsal,C)-varC +

. 1
)/(1.608104357 wma + l)) (Tpao - Tsai)/(£6 - CS)) (e8-¢€7) / ((Tw > Difi(Wsal, Sy Diff(Wsal,S)"varS +
(100—.05550621670 8.936 = :"“"f ) (644.504 £8+ 08194600000 8 > Diff(Wsal,H) Diff(Wsal,H)"varH +
— 6487333332 107> £8% - 644.504 £7-.08194600000 ¢7? ' l> Diff(Wsal,Wma)*Dif{(Wsal, Wma)*varWma +
+ 6487333332 1075 £77)+ 1608104357 wma (7.256 £8+.001149000000 t&° > Diff(Wsal,N)*Diff(Wsai,N)'varN +

3

-7 3 2 -7
+.9433333332 10 t8” —7.256 t£7-.001149000000 £7° - 9433333332 10 t7 u DIﬂ(Wsal,Mf)‘Dlﬂ(Wsal,Ml)‘vaer

)/( 1.608104357 Wma + l)) (Tsao— Tsai) Wfe SA) >

%1 :=12.01 co2avei+ 1201 CoOavei

> sigmaWsal := value(*):
A OUHD Ca | A (1-OUHD) Ca

%2 :=C— -= +.3744932959 S
l-Ca 3 | _l_ ca
3
Constants
%3 := 100 - COavei ~ CO2avel — O2avei
%3 B2 ' SA -‘Spllt A .
%4 := wma | 36.46063760 ———— ~ 1.301236174 N > SA :=0.5168;
SA = 5108
%2 > varSA := 0.002214/2;
%S = .4960035524 H+ .05550621670 %4 +.05550621670 M£+ 100 —— 5
%l varsSa = .4901796 10°
> >
> sigmaWsal := sqri( Weight of Flue Gas in

> Wigl := 754952;

ADS
> Dlﬂ(Wsal,SA) 2*varSA + WEgi 1= 754952

> Ditf(Wsai,CO2avei)*2*varCO2avel + > varWfgi := 473822;




varWfgi = 2245053924

Weight of Primary Air in

> Wpai := 62530;

wWpai := 62530

> varWpal := 163542;

varWpai = 2673225

Air Leakage fraction

> AL :=.0;

AL:=0

> varAlL :=.00058~2;

varaL:= 3364 107

> Ttgl := 680;

Tfgi = 680

> varT{gl := (0.01*T{gi)*2;

varTfgi ;= 46.2400

> 12 := (Ttgl +460)/1.8;

t2:= 6333333334

>

> Ttgo := 253;

Tfgo =253

> varTtgo := (0.01*Tfgo)"2;

varTfgo := 6.4009

> t1 := (T1go+460)/1.8;

t1:=396.1111112

>

> Tall := 80;

Tali:=80

> varTali := (0.01*Tali)*2;

varTali :=.6400

> 13 := (Tali+460)/1.8;

3 :=300.0000001

> t4 := t1;

t4:=396.1111112

> Tpal := 80;

Tpai := K0

> varTpai := (0.01*Tpai)*2;

varTpai = .6400

> t5 := (Tpai+460)/1.8;

£5 :=300.0000001

> Tpao := 644;

Tpao = 644

> varTpao := (0.01*Tpao)"2;

varTpao :=41.4736

> t6 := (Tpao+460)/1.8;

t6:=613.3333334

‘> Tsal := 80;

Tsai := 80

> varTsai := (0.01*Tsai)*2;

varTsai :=.6400

> t7 := (Tsal+460)/1.8;

t7 :=300.0000001

> Tsao := 616;

Tsao =616

> varTsao := (0.01*Tsao0)"2;

varTsao ;= 37.9456

> 18 := (Tsao+460)/1.8;

t8:=597.7777778

Averages and Variances from Part A

> CO2avel := 15.2148;

CO2avel :=15.2148

> varCO2avel := .1+2;

varCo2avei =.01

> COavel := .005;

CoOavei :=.005

> varCOavel :=.002°2;

varCOavel = .4 107

> O2avel := 3.8;

02avei: =38

> varO2avel := .05%2;
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varo2avei :=.0025

Coal Feed Rate (Ibs/hr)

> Wfe := 115839;

Wfe:= 115839 -

> varWfe := (0.05*Wfe)*2;

varWfe = 3354668480 108

Moisture in Coal

> Mt :=0.06;

Mf = .06
> varMf := (0.039°Mf)*2;
varMf ;= 54756 107
Ash
> A:= 0.0619;
A:=.0619
> varA := ( 0.039°A)"2;
varA:= 582787881 107
Overhead
> OUHD := 0.9;

OUHD:=.9

> varOUHD := (0.1*OUHD)*2;

varOUHD := 0081

Carbon

> C :=0.7381;

C:=.7381

> varC := (0.039*C)*2;

varC:=.0008286280388

Hydrogen

> H:= 0.0482;

H:=.0482

> varH := (0.039*H)*2;

varH:= 353364804 107

Nitrogen

> N :=0.0135;

N:=.0135

> varN = (0.039°N)*2;

varN:= 27720225 1076

Sulfur

1> S := 0.0123;

S:=.0123

> var$S := (0.019*5)+2;

vars:= 5461569 1077

Moisture (air)

> Wma := 0.013;

Wma = .013

> varWma := (.1*Wma)*2;

varwma :=.169 10'5

" Carbon in Ash

‘> Ca :=0.0486;

Ca :=.0486

> varCa := (0.25*Ca)*2;

varcCa :=.000147622500

Results

T T e e P L P PP PP L YL PR RS R RS E RS R R SR 2L R AL A Lt Rt L Sl st d

> evalf(Mfg);

08136935946

> evalf(Cptg);

7.769387922
> evalf(Cpal);

7.151727411
> evalf(Cppa);

7316810251
> evalf(Cpsa);

7.305185745

[N

0
-0



Wsai in Ib/ib of AF Coal

> evalf(Wsal);

9.583839808
> evalf(sigmaWsai);

4815015354
> evalf(100*sigmaWsal/Wsai);

5.024098326
> evalf(Wsal*SA*Wfe);

573742.2744

> evalf(sigmaWsai*SA*Wfe);
28825.37601

e e e e PR R LD S DL DL DR L D L D LAt L D dt S il ]

>
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>

>
|

Random Error Propagation Calculations, Part B, Secondary Airflow Wsai without
i Leakage

#4
> MFG := proc(A,O0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A"OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

Cb:=C-Cr;

> K3 := (Cb+12.01*S/32.07)/(12.01*(CO2 + CO));

> K4 := 8.936°H + Wma*((28.02*(100-CO-C02-02)*K3-N)/0.7685)+ M

Appendix I-2 > MFG := (K4/18.016)/((K4/18.016)+100"K3)
Random Error Calculation Sond:
Secondary Air Inlet Flow -- Zero Leak Case Warning, Cr' is lsplicicly declared locul

Warning, "K3' is implicitly declared local
Warning, "Kd4' is implicitly declared local
Warning, "MFG’ is implicitly declared local

MFG :=

proc(A,OUHD,Ca,C,S,CO,CO02,H,Wna,02,N,ME)
j local Cr,Cb,K3,Kd4,MFG;
i Cr = A*QUHD*"Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb 3= C-Cr;
K3 := (Cb+.3744932959%*8)/(12.01*C02+12.01*CO);
K4 ;= B.936*H+Wma*(36.46063760*(100-CO-C02-02) *K3-1.301236174*N
MFG 1= .05550621670*K4/(.05550621670*K4+100*K3)
end

|
5 Mfg:= MFG(A,0UHD,Ca,C,S,COavel,CO2avel,H,Wma,02avel,N,Mf);
Mfg :=.05550621670 (8.936 H

00— . . .
+Wma | 36.46063760 10— COavei - COZavei - 02avei) %l | 411596,7,
12.01 co2avei +12.01 coavei

S~

—



+ Mf]/(.4‘)6()()35524 H+.05550621670

(100 - Ccoavei - CO2avei - 02avei) %l
12.01 co2avei + 1201 Coavei

Wma (36.46063760 - 1.301236174 N)

%1
062
+-05330621670 ME+ 100 G - avei + 1201 COavei)

A OUHD Ca | A (l-0QUHD) Ca
%l :=C- -= ( )

+.3744932959 s
I -cCa 3

1
l—'3' Ca

> p1:= CO2avei*(6.214"t2+(10.396/1000)"t2*2/2-(3.545/1000000)*t2~3/3-(6.214*t1+(1
> 0.396/1000)"t172/2-(3.545/1000000)*t1/3/3));

pli=cozavei (6214 £2+.005198000000 £22— 1181666667 1075 £23-6214 ¢1
- 005198000000 £12+ 1181666667 1075 £13)

> p2 := COavei*(6.420t2+(1.665/1000)*t2+2/2-(0.196/1000000)*t2~3/3-(6.420*t1+(1.66
> 5/1000)*t172/2-(0.196/1000000)*t1~3/3));

p2:=coavei (6420 £2+.0008325000000 ¢2° - 6533333333 107 ¢2
— 0008325000000 £12 + 6533333333 1077 ¢13)

3_6.420 1

> p3 := O2avel*(6.148"12+(3.102/1000)*1272/2-(0.923/1000000) 12~ 3/3-(6.148°t1+(3.10
> 2/1000)*t142/2-(0.923/1000000)*t143/3));

p3:=02avei (6.148 £2+.001551000000 £22 - 3076666666 100 2
— 001551000000 12 + 3076666666 106 £13)

3_6.148 1

> N2avei := 100 - CO2avei - COavei - O2avel;
N2avei := 0 -~ COavei - CO2avel — 02avel

> p4 := N2avei*(6.524'12+(1.250/1000)*t2~2/2-(0.001/1000000)*12~3/3-(6.524*t1+(1.25
> 0/1000)*t142/2-(0.001/1000000)*11~3/3));

p4:=(100 - coavei - CO2avei ~ 02avei) (6.524 £2 +.0006250000000 ¢t2
- 3333333333 1079 £23-6.524 £1-.0006250000000 £22
+ 3333333333 102 ¢13)

2

> p5 := Mifg“(7.256°12+(2.298/1000)*t2/2/2+(0.283/1000000)°t2 3/3-(7.256 11 +(2.298/1

L 000)*t142/2+(0.283/1000000)*t143/3));
D5 := 05550621670 (8.936 H

(100 ~ coaveli ~ cO2avei ~ O2avei) %!
12.01 cO2avei+ 1201 CoOavei

= 1.301236174 »;

+ Wma (36.46063760

3

+Mf) (7.256 £2+ 001149000000 £22 +.9433333332 1077 £23-7.256 ¢1

- 001149000000 £12 — 9433333332 107 £13) / (.4960035524 H+ 05550621670

(100 - Coavei - CO2avei — O2avei) %l
12.01 co2avei+ 1201 CoOavelr

Wma (36.46063760 - 1.301236174 N)

%1
l + 05550621670 £+ 100 12.01 co2avei+ 1201 Coavei ]

A OUHD Ca 1 A (l-OUHD) Ca
%l :=C- -= ( )

+.3744932959 s
1-cCa 3

1
’.—§ Ca

i
i
i
i
I
|
i

> Cptg := (1/(t2-11))*(((1-Mfg))*(p1+p2+p3+p4)+100*p5)/100;
i
P =160

8936 H+ %4+ Mf

1 —-.05550621670

%2

%1

4960035524 H+ .05550621670 %4 +.05550621670 Mf + 100

i (cozavei (6214 ¢2+.005198000000 2% - 1181666667 1075 ¢23-6214 c1
l - 005198000000 £12+.1181666667 105 £13)+ coavei (6.420 £2
+ 0008325000000 22 - 6533333333 1077 £23 - 6.420 £1- 0008325000000 ¢1°
+ 6533333333 107 £13)+ 02avei (6.148 £2+.001551000000 22
~ 3076666666 100 £23-6.148 £1-.001551000000 £1°
)+ %3 (6.524 ¢2+.0006250000000 £22 = 3333333333 109 23— 6524 £2
~ 0006250000000 £12 + 3333333333 107 £23))+ 5.550621670
I (8936 H+ %4 +uf) (7256 c2+.001149000000 £22 + 9433333332 107 2

~7.256 £1-.001149000000 £1%- 9433333332 1077 c13)/(

+.3076666666 1070 £1°

3

©
N



To2
4960035524 H+ .05550621670 %4 +.05550621670 Mf + 100 'ér) (t2-1¢t1)

%1 :=12.01 co2avei+ 1201 coavei

A OUHD Ca l A (1 -OUHD) Ca

2:=C
% l-~ca 3

l +.3744932959 s
l-a' Ca

%3 := 100 - COavei - CO2aveli — 02avei

%3 %2

%4 = Wma (36.46063760 %

- 1301236174 N)

> p3 := 21°(6.148°14+(3.102/1000)"t4~2/2-(0.923/1000000)*t4~3/3-(6.148°13+(3.102/10
> 00)"1342/2-(0.923/1000000)*t343/3));

p3:=129.108 £4+.03257100000 42 - 6460999999 105 ¢43-129.108 ¢3
~ 03257100000 £32 +.6460999999 1075 ¢33

> p4 := 79%(6.524"14+(1.250/1000)*t42/2-(0.001/1000000)*t4~3/3-(6.524"13+(1.250/10
> 00)*t3~2/2-(0.001/1000000)*t3+3/3));

p4:=515.396 td4+.04937500000 t4
- 04937500000 c32+.2633333333 107 ¢3

2 _ 2633333333 1077 4> -515396 ¢3

3

> amp := ((28.97*Wma*100)/18.015)/(28.97*Wma/18.015 +1);
Wma
1.608104357 wma + 1

amp := 160.8104357

> p5 := amp*(7.256°14+(2.298/1000)"14~2/2+(0.283/1000000) 14 ~3/3-(7.256*13+(2.298/
> 1000)"1372/2+(0.283/1000000)*t33/3));

5= 160.8104357 wma (7.256 ¢4+ 001149000000 £42 + 9433333332 1077 e43
~7.256 £3 -.001149000000 £32

> Cpal := (1/(14-13))*(((100-M{g)/100)*(p3+p4)+p5)/100;
1 !
Cpal =700 (l—()(-) (IOO -.05550621670 (8.936 H
(100 - coavei - cO2avei ~ O2avei) %l

12.01 co2avei +12.01 coavei

+ Wma (36.46063760

I —.04937500000 €7

+ Mf]/(.4‘)60()35524 H+ 05550621670

(100 - coavel — CO2avei — 02avei) %l
12.01 co2avei + 12.01 CoOavei

P
./01 - (644.504 t4
12.01 co2avei +12.01 COavei

+ 08194600000 t4% — 6487333332 1075 £4° — 644.504 £3 - 08194600000 ¢3>
+.6487333332° 105 £3) + 160.8104357 wma (7.256 €4 +.001149000000 ¢4
+.9433333332 1077 £43-7.256 £3- 001149000000 ¢32 - 9433333332 1077 ¢

Wma (36.46063760 - 1.301236174 NJ

+.05550621670 Mf + 100

)/( 1.608104357 Wma + 1))/( td-t3)

%l = C A OUHD Ca __I_ A (1 ~OUHD) Ca
l-cCa 3

i +.3744932959 s
1 -3 Ca

b p3 := 21°(6.148°18+(3.102/1000)*t8A2/2-(0.923/1000000) 18~ 3/3-(6.148°17+(3.102/1C
> 00)*1742/2-(0.923/1000000)*17+3/3));

P3:=129.108 £8+.03257100000 ¢t8
: ~ 03257100000 7%+ 6460999999 1075 £7

2 _ 6460999999 10 £8%-129.108 £7

3

> p4 := 79%(6.524°18+(1.250/1000)"t82/2-(0.001/1000000)*18~3/3-(6.524°17+(1.250/10
b 00)*t742/2-(0.001/1000000)*1743/3));

pd:=515396 £8+ 04937500000 ¢8
2, 2633333333 1077 ¢7

2 3

- 2633333333 1077 £83-515396 ¢7
3

> p5 := amp*(7.256°18+(2.298/1000)*18~2/2+(0.283/1000000)*183/3-(7.256°17+(2.298/
> 1000)"1772/2+(0.283/1000000)*17 ~3/3));-

+9433333332 1077 t8?

- 9433333332 1077 £73)/(1.608104357 ma + 1

S = 1608104357 wma (7.256 £8+ 001149000000 ¢8>

~7.256 £7 - 001149000000 £72

- 9433333332 107 £33)/(1.608104357 ma+ 1)

- 1.301236174 NJ

> Cpsa := (1/(t8-t7))*(((100-M1g)/100)*(p3+p4)+p5)/100;
1 1
Cpsa .—m (17.0— ( 100 - .05550621670 (8.936 H
(100 -~ Coavei ~ CO2avei — O2avei) %l

12.01 co2avei + 1201 CcoOavei

+ Wma (36.46063760 - 1301236174 &

o

W



+ Mf]/(.4960035524 H+ 05550621670

(100 - COavei — CO2avel - 02avei) %l
12.01 co2avei +12.01 CoOavei

%l
44.504 8
12.01 co2avei+ 1201 Coavei )] (6 >

+ 08194600000 £82 — 6487333332 107 £8% —644.504 £7 - 08194600000 £7°
+ 6487333332 10" £73)+ 1608104357 wma (7.256 £8+.001149000000 8>
4+ 9433333332 1077 £83-7.256 £7 - 001149000000 £7% - 9433333332 107 &7

Wma (36.46063760 - 1301236174 N)

+.05550621670 Mf + 100

3

)/( 1.608104357 wma + I)J/( t8-1¢7)

%= A OUHD Ca 1 2 (1-OUKD) €2 | 3744932959 s
I-cCa 3 1
l—g Ca

> p3 := 21°(6.148°16+(3.102/1000)16°2/2-(0.923/1000000)*164 3/3-(6.148"15+(3.102/10
> 00)t542/2-(0.923/1000000)*t543/3));

p3:= 129,108 £6+ 03257100000 c62 - 6460999999 105 £6° —129.108 ¢5

— 03257100000 £52 + 6460999999 1075 ¢53

> p4 := 79*(6.524*16+(1.250/1000)*16~2/2-(0.001/1 000000)*t643/3-(6.524"t5+(1.250/10
> 00)*t5~2/2-(0.001/1000000)*t543/3));

pd :=515.396 t6+.04937500000 t62-.2633333333 107 ¢6

— 04937500000 £52 + 2633333333 1077 ¢5°

3_51539 ¢t5

> p5 := amp*(7.256°16+(2.298/1000)"1672/2+(0.283/1000000)16~3/3-(7.256'15+(2.298/
> 1000)"1542/2+(0.283/1000000)*t5~3/3));

p5:= 160.8104357 wma (7.256 €£6+.001149000000 £62 + 9433333332 10
7256 ¢5- 001149000000 £5% - 9433333332 107 £5%)/(1608104357 wma+ 1)

-7 3

t6

> Cppa := (1/(16-15))*(((100-Mfg)/1 00)*(p3+p4)+p5)/100;
1 i
Cppa .—T(-ﬁ (m (100— 05550621670 (8.936 H
(100 - Coavei - CO2avei — 02avei) %t

12.01 co2avei+ 12.01 coavei

+ Wma (36.46063760

- 1301236174 NJ

+ Mf)/(.4960()35524 H+ 05550621670

(100 - Ccoavei — cO2avei - O2avei) %l 5 h
12.01 cozavei + 12.01 COavei - 1301236174 ”J

%
12.01 co2avei+ 1201 Ccoavei D (644'504 t6

+ 08194600000 £62 - 6487333332 1075 £67 - 644.504 £5 — 08194600000 ¢5°
+.6487333332 105 £53)+ 160.8104357 wma (7.256 £6+.001149000000 62
+.9433333332 107 £6°~7.256 £5-.001149000000 £52 - 9433333332 1077 ¢5
)/( 1.608104357 wma + l)]/(c6— ts)

Wma (36.46063760

+.05550621670 M£ + 100

@] oA OUHD Ca 1 A (1-OUHD) Ca
1-cCa 3

1
: l-= Ca
3

I

+.3744932959 s

>

> Wsal := (Wigi*(Cpfg*(Ttgi-Tfgo) - AL*Cpal*(Tfgo-Tsai)) - Wpai*Cppa*(Tpao-Tsai))/
> (Cpsa*(Tsao-Tsal)*Wfe*SA); g Ppa‘(Tp =20

. 1 8936 H+ %4 + Mf
Wsai:= 100 (ngz (Wo ((1 - 05550621670 %5" ) (cozavei (

6.214 £2+ 005198000000 £2%— 1181666667 1075 £23-6.214 £1

- 005198000000 £12+.1181666667 10 £13)+ coavei (6420 c2
+.0008325000000 £2% - 6533333333 10”7 £23-6.420 £1 - 0008325000000 ¢1°
+.6533333333 107 £13)+ 02avei (6.148 £2+.001551000000 £22

. - 3076666666 10 £23-6.148 £1-.001551000000 £12 + 3076666666 107 ¢
J+ a3 (6524 £2+.0006250000000 ¢22 - 3333333333 109 c2%-6.524 c1

- 0006250000000 £12 + 3333333333 10 ¢13))+5.550621670

(8936 H+%4+n£) (7.256 £2+.001149000000 £22+ 9433333332 1077 £23

i ~7.256 £1-.001149000000 £12— 9433333332 107 c13)/(%5)) (Tfgi~- Tfge
| 1 8.936 H+ %4+ Mf
t2 - — — _— - -
/( £1) =55 AL (m«) (100 05550621670 %S ) (644.5()4 r

2
+.08194600000 £4~ - .6487333332 l()'5 t43 - 64H.504 £3 ~ .08194600(X)0 t]z

o

~

\R



+ 6487333332 10" £33)+ 160.8104357 mma (7.256 £4+.001149000000 ¢4°

+.9433333332 107 £43-7.256 £3 - 001149000000 £3° — 9433333332 1077 £3°

t3
. 1 . 1
)/(1.608“)4357 wma+l)) (ngo—'I‘saJ.)/( t4—t3))—'ﬁ0 wpai (1—0'6

8936 H+ %4 + Mf
%S

- 6487333332 1075 £67 - 644.504 £5— 08194600000 £5°
+ 6487333332 105 £53)+ 160.8104357 wma (7.256 £6+ 001149000000 6
+.9433333332 107 £63-7.256 £5-.001149000000 £5% - 9433333332 1077

)/(1.608104357 wma + l)) (Tpao- Tsai)/(t6 - CS)) (t8- t7)/((l_(l?6

2

(IOO—.05550621670 ) (644.504 t6+.08194600000 té6

2

t53

8.936 H+ %4+ ML
%5

— 6487333332 1075 83~ 644.504 £7— 08194600000 ¢7°
+ 6487333332 105 £73)+ 160.8104357 wma (7.256 £8+.001149000000 €8
+.9433333332 1077 €83 -7.256 £7-.001149000000 £7°%~ 9433333332 1077 ¢7

2

(100—.05550621670 )(644504 t8+.08194600000 ¢t8

2
3

)/(1.603104357 Wma+l)) (Tsao- Tsai) Wfe sa]

%l :=12.01 co2avei +12.01 Coaveli

A OUHD ca | A (| -OUHD) Ca

%2 :=C
l1-Ca 3

1 +.3744932959 s
1-3' Ca

%3 := 100 - COavei — CO2avel — O2aveli

%4 := Wma (36.46063760 Fo3 %2

- 1.301236174 N)
%2

%S5 1= 4960035524 H+.05550621670 %4 +.05550621670 Mf+ 100 %1
(4

>

> sigmaWsai := sqri(

> Diff(Wsai,SA)*2*varSA +

> Dif{(Wsai,CO2avei)*2*varCO2avel +

Ditf(Wsai,COavei)*2*varCOavei +

Ditf(Wsal,O2avei)*2*varO2avei +

Diff(Wsai,Wfe)*2*varWfe +

Diff(Wsai,A)*2'varA +

Ditf(Wsai,OUHD)*2*varOUHD +

Diftt(Wsai,Ca)*2*varCa +

Ditf(Wsai,C)*Ditf{(Wsal,C)*varC +

Ditf(Wsai,S)*Diff(Wsal,S)*varS +

Ditf(Wsai,H)*Dift{(Wsal,H)*varH +

Dift(Wsal,Wma)*Dift(Wsai,Wma)*varWma +

Diff(Wsal,N)*Ditf(Wsai,N)*varN +

Dift(Wsal,Mf)*Ditf(Wsal,Mt)"varMt

>

):

>

sigmaWsai := value("):

Constants

SA -Split A

>

SA := 0.5168;
SA = 5108

>

varSA := 0.002175°2;
varsSa:= 4730625 1070

Weight of Flue Gas in

>

Wigl := 754952;
Wfgi1 ;= 754952

>

varWigi := 567642;



varwfgi := 32216976

Weight of Primary Air in

> Wpali := 62530;

Wpai = 62530

> varWpal := 1823~2;

varWpaiz := 3323329

Air Leakage fraction

> AL :=.0;

AL:=0

> varAlL := .00866°2;

varAL := .0000749956

> Tfgi := 680;

Tfgi:= 680

> varTigl := (0.0012*T1gl)"2;

varTfgi :=.66585600

> 12 := (T1gl +460)/1.8;

t2:=633.3333334

>

> Ttgo := 253;

Tfgo =253

> varTigo := (0.0035*Tfgo)"2;

varTfgo :=.78411025

> 11 := (Tigo+460)/1.8;

t1:=396.1111112

>

> Tali := 80;

Tali:= 80

> varTall := (0.0012*Tali)*2;

varTali :=.00921600

> 13 := (Tall+460)/1.8;

t3 :=300.0000001

> 14 :=11;

t4:=396.1111112

> Tpai := 80;

! Tpai = 80

‘> varTpal := (0.0012*Tpai)*2;
varTpai :=.00921600

> t5 := (Tpai+460)/1.8;
t5 :=300.0000001

> Tpao := 644;
Tpao := 644

> varTpao := (0.0074*Tpao)"2;
varTpao :=22.71094336

> t6 := (Tpao+460)/1.8;
t6:=613.3333334

I> Tsal := 80;
Tsai := 80

> varTsal := (0.002*Tsai)"2;
varTsai :=.025600

> 17 := (Tsal+460)/1.8;
t 7 :=300.0000001

> Tsao := 616;
: Tsao :=616

> varTsao := (0.007*Tsao0)*2;
varTsao := 18.593344

> 18 := (Tsao+460)/1.8;

t8:=591.7777778

Averages and Variances from Part A

> CO2avel := 15.2148;
CO2avei = 15.2148

> varCO2avel :=.102062;
varCO2avei :=.0104162436

> COavei := .005;
Coavel :=.005

> varCOavel :=.00022/2;

varCoavei :=.484 1077

> O2avel := 3.8;
0O2avei:=38

> varO2avel := .01118/2;



varoO2avei = .0001249924

Coal Feed Rate (Ibs/hr)

> Wfe := 115839;
wfe := 115839

> varWfe := (0.0025*Wfe)~2;
variWfe = 83866.71200

Moisture in Coal

> Mf :=0.06;
M£:= .06

> varMf := ((0.2+.012"Mf*100)/(100°2°1.414))"2;
varMf := 9250793742 1076

Ash re

> A:= 0.0619;
A:=.0619

> varA := ( (0.07+0.02°A*100)/(100°2*1.414))°2;
varA := 4696223261 1076

Overhead ?

> OUHD := 0.9;
OUHD := .9

> varOUHD := (0.1*OUHD)~2;
varOUHD := .0081

Carbon

> C:=0.7381;
C:=.7381

> varC := (0.64/(100°2*1.a14))~2;
varC:= 5121546706 107

Hydrogen

> H:=0.0482;
H:=.0482

> varH := (0.16/(100°2°1.414))°2;
varH:= 3200966692 1075

Nitrogen

'> N :=0.0135;
N:=.0135

> varN := (0.11/(100°2°1.414))°2;
j varN:=.1512956913 1076

Sulfur re

> $:=0.0123;
5:=.0123

> varS := ((0.06+.035°5°100)/(100°21.414))"2;
vars:=.1327813813 1076

Moisture (air) re

> Wma := 0.013;
‘ Wma :=.013

> varWma := (.2*'Wma)~2;
varwma :=.676 107

I

Carbon in Ash re

> Ca :=0.0486;

' Ca :=.0486

> varCa := (0.10*Ca)~2;
varcCa :=.000023619600

Results

A I A A I L R R T L T KRS EB R RS S SR BRSNS R PSR S b

> evalf(Mfg);
08136935946

> evalf(Cpfg);
7.769387922

> evalf(Cpal);
7.151727411

> evalf(Cppa);
7.316810251

> evalf(Cpsa);
7.305185745
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Wsai in 1b/1b of AF Coal

> evalf(Wsai);

9.583839808
> evall(sigmaWsai);

06491445524
> evalf(100°*sigmaWsal/Wsai);

6773324319
> evalf(Wsal*SA‘Wfe);

573742.2744
> evalf(sigmaWsal*SA*Wfe);

3886.142500

>

“#“‘.‘““.“‘0".#0‘“.0““"..‘.‘.““““.“.“.““.‘.0.“.“.‘.“

>

379



Appendix I-3
Bias Error Calculation
Secondary Air Inlet Flow -- With Leak Case

. _Error Propagation Calculations, Part B, Secondary Airflow Wsai with Leakage

#4
> MFG := proc(A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD"Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3¥(1-Ca/3);

>Cb:=C-Cr;

:r K3 := (Cb+12.01°5/32.07)/(12.01*(CO2 + CO));

> K4 := 8.936'H + Wma*((28.02°(100-CO-C02-02)*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
Warning, 'Cr’ is implicitly declared local
Warning, 'Cb' is implicitly declared local
Warning, "K3° is implicitly declared local
Warning, 'K4® is implicitly declared local
Warning, "MFG’ is implicitly declared local

MFG :=

proc (A,OUHD,Ca,C,S,C0,C02,H,Wna,02,N,Mf)
local Cr,Cb,K3,Kd,6 MFG;
Cxr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-0OUHD)*Ca/(1-1/3*Ca);
Cb 1= C-Cr;
K3 := (Cb+.3744932959*S)/(12.01%C02+12.01%CO);
K4 = 8.936*H+Wma*(36.46063760*(100-CO-C02~02)*K3-1.301236174*N
MFG := .05550621670*K4/(.05550621670*K4+100*K3)
end

> Mfg := MFG(A,OUHD,Ca,C,S,COavel,CO2avei, H,Wma,02avel,N,Mf);
' Mfg = 05550621670 (8.936 H

100 - 1 - CO2 [ ~ 02 1) %
+nma [ 3646063760 0= COavel = CO2avel - 02aved) %l _\ 4 95617,
12.01 co2avei + 12.01 Coavei

+ Mf)/(.4960()35524 H+.05550621670

b1



(100 - coavei — CO2avei — 02avei) %l
1201 colavei+ 12.01 Coaveil

Wma (36.4606376() - 1.301236174 NJ

%1
05550621670 ME + 100
+.05550621670 ME+ 100 o s aves + 12.01 COavei]

A OUHD Ca _1_ A (1 - QUHD) Ca
l-Ca 3

+.3744932959 s

%l:=C ;
l—g Ca

> p1 := CO2avel*(6.214*12+(10.396/1000)*12+2/2-(3.545/1 000000)"t273/3-(6.214*t1+(1
> 0.396/1000)*t142/2-(3.545/1000000)"t1~3/3));

pl:=C02avei (6.2[4 t2 +.005198000000 €2
~ 005198000000 £12+.1181666667 107 £13)

2_ 1181666667 1075 £2° 6214 ¢1

> p2 = COavel*(6.420'12+(1.665/1000)12°2/2-(0.196/1000000)"12~3/3-(6.420*t1+(1.66
> 5/1000)*1142/2-(0.196/1000000)*t143/3));

p2 = coavei (6420 £2+ 0008325000000 £22 - 6533333333 10
0008325000000 £12+ 6533333333 1077 £1°)

-7 3

t2° -6.420 t1

> p3 := O2avel*(6.148°12+(3.102/1000)"1272/2-(0.923/1000000) 12" 3/3-(6.148°11+(3.10
> 2/1000)"t172/2-(0.923/1000000)"t173/3));

p3 = 02avei (6,148 £2+.001551000000 £22 - 3076666666 10 ¢2
— 001551000000 £12 + 3076666666 1076 £13)

2 3

~-6.148 ¢1

> N2avei := 100 - CO2avei - COavei - O2avei;
N2avei := 100 - Coavel — CO2avei — O2avel

> p4 := N2avei*(6.524"t2+(1.250/1000)*t2~2/2-(0.001/1000000)"12/3/3-(6.524"t1 +(1.25
> 0/1000)*t1+2/2-(0.001/1000000)*1143/3));

p4 := (100 - Coavel - CO2avei ~ O2avei) (6.524 t2 + .0006250000000 t2
3333333333 102 £23-6.524 £1-.0006250000000 £12

2

+ 3333333333 1070 ¢23)

> p5 1= MIg*(7.256°12+(2.298/1000)"12°2/2+(0.283/1000000) 12" 3/3-(7.256t1+(2.298/1
> 000)*t142/2+(0.283/1000000)"t1~%3));

i

p5 :=.05550621670 (8.‘)36 H

(100 — Ccoavei - CO2avel — O2aveli) %!
12.01 co2avei+ 12.01 CoOavei

- 1301236174 »

+ Wma (36.46063760

3

+Mf) (7.256 €2 + .001149000000 t22+.9433333332 107 £2°-17.256 ¢1

— 001149000000 £12 - 9433333332 1077 c13)/(.4960035524 H+ 05550621670

(100 - coavei ~ CO2avel - O2avei) %l
12.01 co2avei+ 1201 COavei

Wma (36.46063760 - 1.301236174 N}

%\
+.05550621670 M£+ 100
53 ? ! 12.01 co2avei + 12.01 COaveli )

A D C. 1 | — OUHD) C.
g1 :=c-AOUHD Ca 1 A (1-OUHD) Ca

+.3744932959 s
l-Ca 3

1
1—3 Ca

> Cpfg := (1/(12-t1))*(((1-M1g))*(p1+p2+p3+p4)+100°p5)/100;

1
Pf9:=155

8.936 H+ %4 + Mf

1 -.05550621670
%2

7t

4960035524 H+.05550621670 %4 +.05550621670 Mf£+ 100

(cozavei (6214 £2+.005198000000 £2% - 1181666667 107 £23-6.214 c1

005198000000 £12+ 1181666667 105 £13)+ coavei (6420 ¢2

+ 0008325000000 £22 — 6533333333 1077 £23-6.420 £1-.0008325000000 £1°
+ 6533333333 107 £13)+ 02avei (6.148 £2+.001551000000 £2
3076666666 1075 £23 - 6.148 £1-.001551000000 £12 + 3076666666 106 £1°
Y+ %3 (6.524 €2+ 0006250000000 £22 - 3333333333 107 €22~ 6.524 1

— 0006250000000 £12+ 3333333333 1070 £13))+ 5.550621670

(8936 H+%d+me) (7256 £2+.001149000000 £22+ 9433333332 107 €27

~7.256 t1- 001149000000 £1%- 9433333332 1077 1:13)/(

o
U
e



%2

4960035524 H+ 05550621670 %4 + 05550621670 M£+ 100 %

ez

%1 :=12.01 co2avei+ 12.01 COavei

OUHD A (1 - OUHI C.
_Aouibca 1 A( D) Ca , 3744932959 s
I-Ca 3

%2 :=C
l—l Ca
3

%3 := 100 - COavei — CO2avel — O2avel

%3 %2

4 = 4606376
% wma (36 6063760 %

- 1.301236174 N)

> p3 := 21°(6.148°14+(3.102/1000)*t4+2/2-(0.923/1 000000)*t4~3/3-(6.148*t3+(3.102/10
> 00)*t3+2/2-(0.923/1000000)*t343/3));

p3:=129.108 £4+.03257100000 £4% - .6460999999 10> £4
— 03257100000 £32 +.6460999999 1075 ¢33

3 _120.108 ¢3

> p4 := 79°(6.524*t4+(1.250/1000)"t4~2/2-(0.001/1 000000)*t4~3/3-(6.524*t3+(1.250/10
> 00)*t3~2/2-(0.001/1000000)*t343/3));

pd = 515396 4+ 04937500000 ta? - 2633333333 107 £4®-515396 €3

— 04937500000 £32+ 2633333333 1077 ¢33

> amp := ((26.97*Wma*100)/18.015)/(28.97*Wma/18.015 +1 )
Wma
1.608104357 wma + |

amp := 160.8104357

> PS5 := amp*(7.256°14+(2.296/1000)'14~2/2+(0.283/1000000) 144 3/3-(7.25613+(2.298/
> 1000)*13~2/2+(0.283/1000000)*133/3));

p5:= 160.8104357 wma (7.256 €4+.001149000000 £4%+.9433333332 107 4
7256 £3— 001149000000 £32 - 9433333332 10" £3°)/(1.608104357 mma + 1)

2 3

> Cpal := (1/(t4-13))*(((100-Mtg)/1 00)*(p3+p4)+p5)/100;
1 1
Cpal =100 (-1—00— (IOO— 05550621670 (8.936 H

(100 - Coavei - CO2avei — O2avei) %l
12.01 co2avei +12.01 coOaveli

+ Wma (36.46063760

- 1301236174 N]

! + Mf)/(.4‘)60()35524 H+ 05550621670

(100 — coavel — CO2avel — 02ave1.) % 1301236174 N
12.01 co2avei+ 1201 COavei '

Y
%l || (644.504 cq
12.01 co2avei+ 12.01 Coavei

+ 08194600000 42 — 6487333332 1075 €43 —644.504 £3 - 08194600000 37
6487333332 1075 £3%)+ 1608104357 wma (7.256 £4+.001149000000 ta?
+ 0433333332 1077 £43-7.256 £3-.001149000000 £3% - 9433333332 107 ¢

! wma (36.4606376()

+.05550621670 M£+ 100

l )/(1.608104357 Wma+l))/(c4— t3)

_ A OUHD Ca _l A (1 - OUHD) Ca + 3744932959 S

1-Ca 3

%l :=C
l—-3‘ Ca

b p3 := 21°(6.148°18+(3.102/1000)'18~2/2-(0.923/1 000000)*18~3/3-(6.14817+(3.102/1C
> 00)*t7°2/2-(0.923/1000000)*t743/3));

p3:=129.108 t8+.03257100000 t82—.6460999999 109 ¢8

— 03257100000 £72 + 6460999999 1075 ¢73

3_120.108 ¢7

S pa = 79°(6.524°18+(1.250/1000)'t82/2-(0.001/1000000)*18"3/3-(6.524"t7+(1.250/1C
> 00)*t772/2-(0.001/1000000)*t7~3/3));
2

pd:=515.396 £8+.04937500000 £8° - 2633333333 1077 c83-5l5.396 t7

— 04937500000 72+ 2633333333 1077 £7°

|
'> p5 = amp'(7.256‘t8+(2.298l1000)‘!8"2}2+(0.283/1000000)'&8"3/3-(7.256'!71»(2.298

> 1000)*1742/2+(0.283/1000000)*17+3/3));
p5 := 160.8104357 wma (7.256 £8+ 001149000000 £8° +.9433333332 107
~7.256 £7— 001149000000 £7° - 9433333332 107 £73)/(1.608104357 ima +

2 7

584’

> Cpsa = (1/(18-17))*(((100-Mfg)/100)*(p3+p4)+p5)/100;

1 1
Cpsa =700 (m (l()()—.()5550621670 (&936 H

(100 - coaveli — CO2avei — 02avei) %l 1301236174

Wma | 36.4606376(
+ (36 63760 1201 cozavei+ 1201 CoOavei

,&\
¥

—



+ Mf]/(.496()035524 H+.05550621670

(100 — Coavei — CO?avez - 02&V&l.) %1 — 1301236174 N
12.01 cozavei + 12.01 COavei

1 JICECR

Wma (36.46063760

vl
+.05550621670 ME+100 o a1+ 1201 Coavei

+ 08194600000 £8 — 6487333332 1075 ¢83— 644.504 £7 - 08194600000 £7°
+ 6487333332 10°5 €73)+ 1608104357 wma (7.256 £8+.001149000000 ¢8>

+ 9433333332 1077 £83-7.256 £7-.001149000000 £7% - 9433333332 1077 3

t7

)/( 1.608104357 Wma + 1))/( t8~t7)

@l A OUHD Ca L A (1-0UHD) Ca , 1344932059 s

1-Ca 3 l-l ca
3

> p3 = 21°(6.148°t6+(3.102/1000)"16~2/2-(0.923/1000000)'t6~3/3-(6.148'15+(3.102/10
> 00)*1572/2-(0.923/1000000)*15~3/3));

p3:= 120108 £6+.03257100000 t6% ~ 6460999999 10 &6
— 03257100000 £52 + 6460999999 1075 £5°

3 _129.108 €5

> p4 := 79°(6.524*16+(1.250/1000)*t6~2/2-(0.001/1 000000)*16~3/3-(6.524*t5+(1.250/10
> 00)*15+2/2-(0.001/1000000)*t5~3/3));

pd:=S15396 £6+ 04937500000 62 - 2633333333 1077 63 - 515.396 €5
— 04937500000 £52 + 2633333333 1077 £5°

> p5 := amp*(7.256"16+(2.298/1000)"16~2/2+(0.283/1000000) 16~ 3/3-(7.256"15+(2.298/
> 1000)*t542/2+(0.283/1000000)*1543/3));

p5:= 160.8104357 Wma (7.256 £6+ 001149000000 £62 + 9433333332 10
_7256 £5- 001149000000 t52 - 9433333332 107 £53)/(1.608104357 wma + 1)

7,3

té

> Cppa := (1/(6-15))*(((100-Mfg)/100)*(p3+p4)+p5)/100;

1 1
Cppa =100 (-@ (IOO—.05550621670 (8.936 H

(100 - Coavei - CO2avei — 02avei) %l 1 301236174 N]

+ hma (36'46063760 12.01 CO2avei+12.0l1 Coavei

i +Mf] / (.4960()35524 H+ 05550621670

(100 - coavei - CO2aveli - 02 1) %!
vel-O2avel) %1 | 31236174 NJ

12.01 co2avei +12.01 Coavei

ol
(644.504 té

12.01 cozavei+ 1201 Coavei
+.08194600000 £62 — 6487333332 1075 £6 - 644.504 £5 - 08194600000 ¢5°
+ 6487333332 105 £53)+160.8104357 mma (7.256 €6 +.001149000000 62

. +.9433333332 1077 £67-7.256 £5- 001149000000 £52 - 9433333332 10”7 &5

)/(1.608104357 iima + l))/(t:6— t5)

' Wma (36.46063760

+.05550621670 Mf£ + 100

A OUHD Ca 1 A (1l-0UHD) C
- 1Al ) C€a | 3744932959 s

%l :=C
l-cCca 3

1
1—3 Ca

?

> Wsal := (Wigi*(Cpfg*(Tfgi-Tfgo) - AL*Cpal*(Tfgo-Tsai)) - Wpai*Cppa*(Tpao-Tsai))/
> (Cpsa*(Tsao-Tsal)*Wfe*SA);

. e 8.936 H+ %4 +Mf ,
Wsai := 100 (ng:. (-1-0—0 ((l -.05550621670 %5 ) (CO2ave1 (

6.214 £2+.005198000000 22 —.1181666667 10 £2°~6.214 1

— 005198000000 €12+ 1181666667 10° £13)+ coavei (6420 €2

+ 0008325000000 £22 - 6533333333 107 £2% - 6.420 t1 - 0008325000000 £1°
+ 6533333333 1077 €13)+ 02avei (6.148 £2+.001551000000 ¢2°

— 3076666666 106 23 -6.148 £1- 001551000000 £12 + 3076666666 100 £1°
)+ %3 (6524 £2+.0006250000000 £22 - 3333333333 100 e23-6.524 1

— 0006250000000 £12+ 3333333333 10”0 £13))+ 5.550621670

| (8936 H+%d+uE) (7.256 c2+.001149000000 £22+.9433333332 107 £23

~7.256 £1~-.001149000000 £12 - 9433333332 1077 c13)/(%5)) (Tfgi - Tfgo:

1 1
2- - —_ - 5
J(£2-¢1) 06 AL (mo (100 05550621670

8.936 H+ %4+ Mf
%5

+ 08194600000 £42 — 6487333332 1075 43 - 644.504 £3 — 08194600000 £3°

) (sa.504 ¢

W
N
N



+.6487333332 1070 c33)+ 160.8104357 wma (7.256 £4+ 001149000000 ¢4
+.9433333332 1077 ¢4° 2

7 -7.256 £3~.001149000000 £3° - 9433333332 1077 ¢33
)/(1.608104357 wma + l)) (Tfgo—-Tsai)l(t4- tJ))—ﬁ Wpai (

!

100

8.936 H+ %4 +ME
%S

- 6487333332 1070 £6° - 644.504 &5~ 08194600000 £52
+.6487333332 1075 £53)+ 1608104357 wma (7.256 €6+ 001149000000 ¢62
+.9433333332 1077 £6° -7.256 £5 - 001149000000 £5°

)/(|.608104357 Wma + 1)) (Tpao~ Tsai)[(t6- cs)) (e8~ c7)/((

(100—.05550621670 )(644.504 t6 +.08194600000 l:62

- 9433333332 1077 53
I
100
8.936 H+ %4 + Mf
%5

- 6487333332 1075 £8% - 644.504 £7— 08194600000 £72
+.6487333332 10" £73)+ 1608104357 wma (7.256 £8+.001149000000 ¢52
+.9433333332 1077 £8%-7.256 £7-.001149000000 £72 - 9433333332 1077 73

)/(1.608104357 Wma+l)J (Tsao- Tsai) Wfe sa)

(100—.05550621670 )(644.504 £8+ 08194600000 £82

%1 :=12.01 co2avei+ 12.01 Ccoavei

- C.
%2:=c-—2OUHD Ca 1 A (1-O0UHD) Ca & 411032050
1-Ca 3 1
1—3 Ca

%3 := 100 — Coavei — CO2avei — O2avei

%3 %2

%4 := Wma (36.46063760 - 1301236174 N)

%2

0

%5 1= .4960035524 H+.05550621670 %4 +.05550621670 Mf£ + 100

>

> sigmaWsai := sqrt(

> Diff{(Wsai,SA)*2*varSA +

> Dift(Wsai,CO2avei)*2*varCO2avei +

S



Ditt(Wsal,COavei)*2*varCOavei +

Diff(Wsal,02avei)*2*varO2avei +

Diff(Wsal,Wte)*2*varWfe +

Diff(Wsal,A)*2'varA +

> Diff(Wsal,OUHD)*2*varOUHD +

> Ditf(Wsal,Ca)*2*varCa +

> Diff(Wsal,C)*Diff(Wsai,C)*varC +

> Diff(Wsai,S)"Diff(Wsai,S)"varS +

> Ditf(Wsal,H)*Diff(Wsai,H)*varH +

> Diff(Wsal,Wma)*Diff(Wsal,Wma)‘varWma +

> Dift(Wsal,N)*Diff(Wsal,N)*varN +

> Ditt(Wsai,Mf)*Diff(Wsal,Mf)*varMt

> )

> sigmaWsai := value(*):

Constants

SA - Split A

> SA :=0.5168;

SA := 5168

» varSA := 0.002214/2;

varSA :=.4901796 10

-5

Weight of Flue Gas in

> Wigi := 754952;

WEgi = 754952

> varWfgi := 47382/2;

varwfgi = 2245053924

Weight of Primary Air in

> Wpal := 62530;

wpai = 62530

> varWpal := 1635°2;

varWpai :=2673225

Air Leakage fraction

> AL := .0687;

AL :=.0687

> varAL :=.0005842;

varaL:= 3364 107

> Ttgl := 680;

Tfgi =680

> varTtgi := (0.01*T{gi)"2;

varTfgi :=46.2400

b 12 := (Tfgi +460)/1.8;

t2:=633.3333334

>

> Tfgo := 253;

Tfgo:=253

> varTtgo := (0.01*Tfgo)"2;

varTfgo = 6.4009

> t1 := (Tfgo+460)/1.8;

t1:=396.1111112

>

> Tall := 80;

Tali =80

> varTall := (0.01*Tali)*2;
i

varTali = .6400

> 13 := (Tali+460)/1.8;

£3 := 300.0000001

> t4 :=11;

t4:=396.1111112

> Tpal := 80;



Tpai := 80

> varTpal := (0.01*Tpai)*2;

varTpai :=.6400

> 15 := (Tpai+460)/1.8;

t5 :=300.0000001

> Tpao :=644;

Tpao := 644

> varTpao := (0.01*Tpao)"2;

varTpao :=41.4736

> 16 := (Tpao+460)/1.8;

t6:=613.3333334

> Tsal := 80;

Tsai =80

" S varTsal:= (0.01*Tsal)*2;

varTsai :=.6400

> 17 := (Tsal+460)/1.8;

t 7 := 300.0000001

> Tsao := 616;

Tsao:=616

> varTsao := (0.01"Tsa0)"2;

varTsao :=37.9456

> 18 := (Tsao+460)/1.8;

t8:=591.7777778

Averapes and Variances from Part A

> CO2avei := 15.2148;

co2avel = 15.2148

> varCO2avel := .142;

varco2avei = .01

> COavel := .005;

coavei = .005

> varCOavel :=.00242;

varcCoavei :=.4 10

-5

> O2avel := 3.8;

O2avei =38

> varO2avei := .05%2;

varo2avei :=.0025

Coal Feed Rate (Ibs/hr)

S Wie := 115839;

Wfe := 115839

> varWfe := (0.05'Wfe)*2;

varife = 3354668480 108

Moisture in Coal

> Mf :=0.06;

Mf = .06

> varMf := (0.039°M1)~2;

varMf = 54756 107

Ash

> A := 0.0619;

= .0619

> varA := ( 0.039°A)"2;

varA = 582787881 107

Overhead

> OUHD := 0.9;

OUHD:=.9

> varOUHD := (0.1*OUHD)*2;

varOUHD ;= .0081

Carbon

> C:=0.7381;

C:= 7381

> varC := (0.039°C)*2;

varc := 0008286280388

Hydrogen

> H :=0.0482;

H:= 0482

> varH := (0.039°H)"2;

varH = 353364804 107

{)\

T



Nitrogen Wsali in Ib/lb of AF Coal

> N:=0.0135;
_ N:=.0135 > evalf(Wsai);
> varN := (0.039°N)*2; 9.310086250
varN:= 27120225 10°6 > evalf(sigmaWsal);
4677796756
Sulfur > evalf(100*sigmaWsal/Wsal);
5.024439764

> $:=0.0123;

S:=.0123 > evalf(Wsal*SA*Wte);

> varS := (0.019°S)2; 557353.8547

> evalf(sigmaWsal*SA*Wfe);

7
S:=.5461569 10
var. 28003.90871

Moisture (air)

> :=0.013;
Wma := 0.013; I T T T T P P P P R P

Wma :=.013 >

> varWma := (.1*Wma)*2;
varwma:=.169 107

Carbon in Ash
> Ca := 0.0486;

Ca :=.0486

> varCa := (0.25*Ca)~2;
varcCa :=.000147622500

Results

R AL L L L S I LI I I I DL LI TR L E T L e aaraaaa

> evalf(Mfg);

08136935946

> avalf(Cptg);
7.769387922

> evalf(Cpail);
TAS51727411

> evalf(Cppa);
73168102518

> evalf(Cpsa);
7.305185745

229



Appendix I-4
Random Error Calculation
Secondary Air Inlet Flow -- With Leak Case

Random Error Propagation Calculations, Part B, Secondary Airflow Wsai with Leakag.

#4
> MFG := proc(A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)y/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2 + CO));
|
> K4 := 8.936°H + Wma*((28.02*(100-CO-CO2-02)K3-N)/0.7685)+Mf;

|
P MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
Warning, 'Cr’ is implicitly declared local
Warning, °"Cb" is implicitly declared local
Warning, °"K3° is implicitly declared local
Warning, "Kd4' is implicitly declared local
Warning, "MrFrG" is implicitly declared local

MFG :=

proc(A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)
local Cr,Cb,K3,Kd, MFG;
Cxr := A®*OQOUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 := (Cb+.3744932959*S)/(12.01°C02+12.01*CO);
K4 := 8.936*H+Wma*(36.46063760*(100-CO-C02-02)*K3-1.301236174*?
MFG := ,05550621670*K4/(.05550621670*K4d+100*K3)
end

> Mtfg:= MFG(A,OUHD,Ca,C,S,COavei,CO2avei,H,Wma,O2avei,N,Mf);
My = .05550621670 (8.936 H

(100 - coavei - CO2avei — O2avei) %l
12.01 co2avei+ 12.01 Coavei

+ mma (36.46063760 - 1.301236174

+ Mf)/(.4960035524 H+.05550621670

'S
|8
3



_ AN . . g
(1) — Coavei — CO2avei — O2avei) % | 1301236174 N)

36.46063760
hma ( 3 12.01 Cozavei+ 1201 Coavei

%1
05550621670
+ 05550621670 M£+ 100 o et + 1201 COavei]

%1 =c-2 Cl’UHg ca —% A (1~ OUHD) €2 | 3744932959 S
—-—Ca

-1 c
3 Ca

> p1 := CO2avei*(6.214°12+(10.396/1000)°12°2/2-(3.545/1000000)12"3/3-(6.214°t1+(1
> 0.396/1000)*1142/2-(3.545/1000000)"t13/3));

p1:= cozavei (6214 t2+ 005198000000 ¢2%—.1181666667 107 £23-6214 ¢1
— 005198000000 £12+ 1181666667 105 £13)

> p2 := COavel*(6.420'12+(1.665/1000)'12~2/2-(0.196/1000000)"t2"3/3-(6.420"t1+(1.66
> 5/1000)*t1~2/2-(0.196/1000000)*t143/3));

p2:= coavei (6420 £2+.0008325000000 £27 ~ 6533333333 1077 £23-6.420 t1
— 0008325000000 £12 + 6533333333 107 £13)

> p3 := O2avel*(6.148'12+(3.102/1000)"1272/2-(0.923/1000000)"t2"3/3-(6.148°11+(3.10
> 2/1000)t142/2-(0.923/1000000)"t143/3));

p3:= 02avei (6.148 £2+ 001551000000 £2% - 3076666666 106 £23-6.148 ¢1
~ 001551000000 £12+ 3076666666 10°6 £1°)

> N2avei := 100 - CO2avei - COavel - O2aveli;
N2avei := 100 — COavei - CO2avei — O2avei

> pa = N2avei*(6.524°12+(1.250/1000)*12~2/2-(0.001/1000000)*123/3-(6.524°11+(1.25
> 0/1000)°t142/2-(0.001/1000000)*t143/3));

pd :=(100 - Coavei - CO2avei - O2avei) (6.524 t2 + .0006250000000 t2
—.3333333333 10-9 t23 - 6.524 t1 -.0006250000000 t12

2

+ 3333333333 1072 e13)

> P5 1= Mig+(7.256°12+(2.298/1000)*12~2/2+(0.283/1000000) 12" 3/3-(7.256"t1+(2.298/1
> 000)"t1+2/2+(0.283/1000000)t1143/3));

p5 :=.05550621670 (8.‘)36 H

(100 - Coavei - CO2avei — O2avei) %l
12.01 co2avei+12.01 CoOavei

+ Wma (36.46063760 - 1.301236174 :

3

+Mf) (7.256 £2+.001149000000 22+ 9433333332 1077 23 -7.256 &1

001149000000 £12 - 9433333332 1077 c13)/(.4960035524 H+ 05550621670

(100 - coaveli — CO2avei — O2avei) %l
12.01 co2avei + 1201 COavei

Wma (36.46063760 - 1.301236174 N‘
7

+ 05550621670 M£f + 100 L
12.01 co02avei + 12.01 COoavei

A OUHD Ca I A (| -OUHD
%1 = O LAl ) €2, 3744932059 s

l-Ca 3 llC
3 Ca

f Cpfg := (1/(12-11))*(((1-Mfg))*(p1+p2+p3+p4)+100*p5)/100;

1
PLI =100

8.936 H+ %4 + Mf

1 - 05550621670
—
4960035524 H+ 05550621670 %4 + 05550621670 Mf + 100 —‘;—

(8N

(cozavei (6214 £2+.005198000000 ¢22 - 1181666667 107 £2%-6214 c.

005198000000 12+ 1181666667 1075 £13) + coavei (6.420 e2
0008325000000 £2% — 6533333333 1077 €27 - 6.420 £1-.0008325000000 £1°
6533333333 1077 £13)+ 02avei (6.148 £2+.001551000000 £22

3076666666 1076 £23 - 6.148 £1—.001551000000 £1°+ 3076666666 10 c:
)+ %3 (6524 £2+.0006250000000 ¢22 - 3333333333 107 e23-6.524 €2
— 0006250000000 £12+ 3333333333 107 €13))+ 5550621670

(8.936 H+%4+mey (7256 £2+ 001149000000 £22+ 9433333332 1077 e2

2 _ 9433333332 107/ t13)/ (

+

+

t2

3

—7.256 t1-.001149000000 t1

o
U
oq



2
A960035524  H+.05550621670 %4 + 05550621670 Mf + 100 —ZDI ) (e2-¢t1)
‘0

%1 :=12.01 co2avei+12.01 Coavei

A OUHD -
- Ca 1A (IZ0UHD) €2, 3744932059 s
l-cCa 3 l
l-% ca

3

%2 :=C

%3 := 100 - Coavei — CO2avel - O2avei

%3 %2

%4 := wma | 36.4606376!
a ( 3760 %l

- 1.301236174 N]

> p3 := 21%(6.148°14+(3.102/1000)"1472/2-(0.923/1000000)*t4~3/3-(6.148°t3+(3.102/10
> 00)*1342/2-(0.923/1000000)*t33/3));

P3:=129.108 £4+.03257100000 £4° —.6460999999 105 £43-129.108 &3
~ 03257100000 ¢3% + 6460999999 1075 ¢33

> p4 :=79%(6.524'14+(1.250/1000)*t4~ 2/2-(0.001/1000000)*t4+3/3-(6.524*t3+(1.250/10
> 00)*t3~2/2-(0.001/1000000)*t343/3));

p4:=515396 t4+.04937500000 t4
~ 04937500000 t32+.2633333333 107 3

2 _ 2633333333 1077 £43-515396 ¢3

3

> amp := ((28.97*"Wma*100)/18.015)/(28.97*Wma/18.015 +1 %
Wma

= 160.8104357
amp 1.608104357 wma + 1

> p5 := amp*(7.256*14+(2.298/1000)"t4+2/2+(0.283/1000000)*t4"3/3-(7.256"t3+(2.298/
> 1000)"1342/2+(0.283/1000000)"t343/3));

PS5 := 160.8104357 Wma (7.256 4 +.001149000000 £4% +.9433333332 1077 €43
~7.256 £3-.001149000000 £32 - 9433333332 107 £33)/(1.608104357 wma +1)

2

> Cpal := (1/(14-13))*(((100-Mtg)/100)*(p3+p4)+p5)/100;
1 1
Cpal ;= 10 (TO_O (100 —-.05550621670 (8.936 H
(100 - coavei - CO2avei — 02ave1l) %l
12.01 coavei+ 12.01 coavei

+ Wma (36.46063760

> 00)*t742/2-(0.923/1000000)°t7~3/3));

i +Mf)/(.4960()35524 H+ 05550621670

(100 - coaveli — CO2avel ~ O2avei) %l
Wma (36'46063760 12.01 Co2avei+ 1201 Coavei
%1
100
’ +.05550621670 M£+ 12.01 co2avei+ 12.01 Ccoavei

- 1301236174 N)'

D (644.504 ¢4

+ 08194600000 £4° - 6487333332 107 £43 — 644.504 £3 - 08194600000 £3°
+.6487333332 105 £33)+ 1608104357 wma (7.256 £4+.001149000000 4>
3_7256 £3-.001149000000 ¢3% - 9433333332 1077 ¢

+.9433333332 1077 ¢4
)/(1.608104357 Wma + 1))/( td-¢3)

i A OUHD Ca | A (1 -OUHD) Ca
%l :=C- - ( )

+.3744932959 s
l-Ca 3

l—% Ca

> p3 := 21°(6.148°t8+(3.102/1000)"t8"2/2-(0.923/1000000)*t843/3-(6.148"17+(3.102/10

~ 6460999999 1075 £8° - 129.108 €7

3

p3:=129.108 £8+ 03257100000 £82

- 03257100000 c72+.6460999999 10 ¢7

b p4 := 79°(6.524*18+(1.250/1000)"t8~2/2-(0.001/1000000)*183/3-(6.524t7+(1.250/10

> 00)°172/2-(0.001/1000000)173/3));

- 1.301236174 N]

-7 3

p4d:=515396 t8+.04937500000 t82 —-.2633333333 107" €87 —-515.396 t7

— 04037500000 £7° + 2633333333 1077 ¢73

> p5 := amp*(7.256*18+(2.298/1000)*18"2/2+(0.283/1000000)‘183/3-(7.256*17+(2.298/
> 1000)*t742/2+(0.283/1000000)"t7~3/3));

p5 1= 160.8104357 wma (7.256 £8 + 001 149000000 £8
—7.256 £7- 001149000000 £72 — 9433333332 107 £73)/(1.608104357 Wma + 1

2 7 3

+.9433333332 1077 t8

> Cpsa := (1/(t8-17))*(((100-Mfg)/100)*(p3+p4)+p5)/100;
1 1
UL I _ C
Cpsa .= 100 (100 (IOO 105550621670 (8.)36 H
(100 - Coavei - CO2avel — 02avei) %l

- 1301236174 !
12.01 co2avei + 12,01 CoOavei 1301

+ Wma (36.4606376()

o

-
v
-0



+ Mf)/(.4960035524 H+.05550621670

(100 - Coavei ~ CO2aveli — O2avei) %l
12.01 co2avei +12.01 Coavei

% |
44.504
12.01 co2avei +12.01 coavei D (6 > €8

+ 08194600000 82 — 6487333332 107 83 —644.504 £7 - 08194600000 £7°
+ 6487333332 105 £73)+ 160.8104357 wma (7.256 £8+ 001149000000 8>
+.9433333332 107 £83-7.256 £7-.001149000000 ¢72 - 9433333332 1077 &7

)/( 1.608104357 Wma + I))/( £8-£7)

Wma (36.46063760 -1.301236174 N)

+.05550621670 Mf + 100

3

_ A OUHD Ca _l_ A (1 - OUHD) Ca
1-Ca 3

%l :=C +.3744932959 s

l—% Ca

> p3 := 21*(6.148°16+(3.102/1000)"t6 2/2-(0.923/1000000)*t6~3/3-(6.148°15+(3.102/10
> 00)*t542/2-(0.923/1000000)'t5/3/3));

p3:=129.108 £6+.03257100000 t62 —.6460999999 107 £6°—129.108 &5
~ 03257100000 £52 +.6460999999 107 ¢53

> pa := 79°(6.524°16+(1.250/1000)*16~2/2-(0.001/1000000)*16~3/3-(6.524°15+(1.250/10
> 00)*1542/2-(0.001/1000000)*t5~3/3));

p4d:=515.396 t6+.04937500000 t6
- 04937500000 t52+.2633333333 10

2 _ 2633333333 1077 c63-—515.396 t5

-1 t53

> p5 := amp*(7.256°16+(2.298/1000)"16~2/2+(0.283/1000000)'t6~3/3-(7.256*15+(2.298/
> 1000)*1542/2+(0.283/1000000)"t5°3/3));

2510 1608104357 wma (7256 £6+ 001149000000 €62 +.9433333332 1077 ¢6
_7.256 £5- 001149000000 £5%— 9433333332 1077 £53)/(1.608104357 pma + 1)

3

> Cppa := (1/(16-15))*(((100-M1g)/100)*(p3+p4)+p5)/100;
1 1
Cppa =100 (Tb—o' (100—.05550621670 (8.936 H
(100 - coavei —~ CO2avei — O2avei) %l

12.01 co2avei+ 12.01 coavei

+ hina (36.46063760 - 1.301236174 N)

i — 0006250000000 £12+ 3333333333 107 £23)) + 5550621670

' + Mf)/(.4960035524 H+.05550621670

(100 - Coavei — CO2avei — O2avei) %!
12.01 co2avei + 12.01 Ccoavei

%1 || (644.504 €6
120l co2avei+ 12.01 Coavei

+ 08194600000 t62 — 6487333332 1075 £67 - 644.504 £5 - 08194600000 £5°
+ 6487333332 1075 £53)+ 160.8104357 wma (7.256 £6+.001149000000 ¢ 6>
! + 9433333332 1077 £63 7256 £5—- 001149000000 ¢5% - 9433333332 1077 .

Wma (36‘46063760 - 1.301236174 N,

+.05550621670 M£ + 100

)/( 1.608104357 Wma + 1))/( £6-t5)

_AOUHD Ca 1 A (1-OUHD) Ca ... i000050

- 3 1
1-Ca 1_5 ca

%l :=C

> Wsal := (Wtgi*(Cptg*(Tfgi-Tfgo) - AL*Cpal*(Tfgo-Tsai)) - Whpai*Cppa“(Tpao-Tsai))
> (Cpsa*(Tsao-Tsal)*Wie*SA);

| 8.936 H+ %4+ ME
Wsai = 100 (ngi (—100 ((1 - 05550621670 7 5” ) (cozavei (
(¢

6.214 £2+ 005198000000 £22 - 1181666667 107 £23-6.214 €1
005198000000 t12+ 1181666667 105 ¢13)+ coaves (6.420 £2

+ 0008325000000 £22 — 6533333333 107 £23 - 6.420 £1-.0008325000000 £1°
+ 6533333333 1077 £13)+ 02avei (6.148 £2+.001551000000 2

— 3076666666 1070 £23 - 6.148 £1- 001551000000 £17 + 3076666666 107 ¢

Vo3 (6524 £2+ 0006250000000 £22 - 3333333333 107 £2° - 6524 1

'

2

(8.936 H+%4+mE) (7.256 £2+.001149000000 £2% + 9433333332 1077 e23

~7256 £1- 001149000000 £12— 9433333332 107 c13)/(%5)) (Tfgi - Tfg:

8.936 H+ %4 + Mf
%S

+ 08194600000 £42 - 6487333332 1075 £43 - 644.504 €3 — 08194600000 £3°

] 1
~-t1) - — - 05550 44,504
[(e2-¢1) 00 AL (100 (l()() 05550621670 ) (6

)

Ww



%2:=C- -

%4 = Wma (36.46063760

+.6487333332 105 €3%)+ 160.8104357 wma (7.256 ¢4+ 001149000000 ¢4

+.9433333332 107 £43-7.256 £3 - 001149000000 ¢32 — 9433333332 1077 3
' . 1 (1
)/(1.608104357 Mna+l)) (ngo«Tsa;)/(u—cJ))—mo Wpai (100

3

8.936 H+ %4+ MF
%S

- 6487333332 10°5 £63 - 644.504 £5— 08194600000 5
+.6487333332 107 £53)+ 1608104357 wma (7.256 £6+ 001149000000 ¢6>
+ 9433333332 1077 €67 -7.256 £5—-.001149000000 ¢52 - 9433333332 1077 £53

)/(1‘608104357 Wma + l)) ('Ipao-—Tsai)/(tS—- tS)) (t8- t7)/((l—é6

8.936 H+ %4 + Mf
%5

— 6487333332 1075 £8° - 644.504 £7—.08194600000 t7°
+ 6487333332 105 £73)+ 160.8104357 wma (7.256 £8+.001149000000 8
+.9433333332 1077 £83-7.256 £7-.001149000000 £72 — 9433333332 107 £7°

)/(1.608104357 Wma + l)) (Tsao— Tsai) Wfe SA)

2

(100 ~.05550621670 ) (644.5()4 t6 +.08194600000 t6

2

2

(100—.05550621670 )(644504 t8+.08194600000 t8

2

%1 :=12.01 co2avei +12.01 COavei

A OUHD Ca | A (l-OUHD) Ca

+.3744932959 s
I -cCa 3 1
1 -3 Ca

%3 := 100 - Coavei - CO2avei — O2aveli

F3 %2 _ 1.301236174 N)

%S :=.4960035524 H+.05550621670 %4 +.05550621670 Mf+ 100 ——

%2
%1

>

> sigmaWsal := sqrt(

> Diff(Wsai,SA)*2'varSA +

> Diff(Wsai,CO2avel)*2*varCO2avel +

Ditf(Wsai,COavei)*2*varCOavei +

Ditf(Wsal,O2avei)*2*varO2avei +

VTTVT VvV

Diff(Wsal,Wte)*2'varWie +

Diff(Wsal,A)*2*varA +

Diff(Wsal,OUHD)~2*varOUHD +

Ditf(Wsal,Ca)*2*varCa +

Ditf(Wsal,C)*Diff{(Wsal,C)*varC +

Dift(Wsali,S)*Diff(Wsai,S)*varS +

Ditt(Wsal,H)*Ditf(Wsai,H)*varH +

Ditt(Wsal,Wma)*Diff(Wsai,Wma)*varWma +

Diff(Wsai,N)*Diff(Wsai,N)*varN +

Ditf(Wsal,Mf)*Diff(Wsai,Mf)*varMf

>

):

>

sigmaWsai := value("):

Constants

SA - SplitA

>

SA :=0.5168;
SA = 5168

> varSA := 0.002175"2;

varsa:=.4730625 107

Weight of Flue Gas in

>

Wigi := 754952;
Wfgi = 754952

> varWigi := 5676°2;

1€ 9]



varWfgzt := 32216976

Weight of Primary Air in

> Wpal := 62530;

wpai := 62530

> varWpal := 1823°2;

varWpai := 3323329

Air Leakage fraction

> AL :=.0687;

AL := .0687

> varAL :=.00866"2;

varAL := .0000749956

> Ttgl := 680;

Tfgi =680

> varTigl := (0.0012*Ttgi)*2;

varTfgi :=.66585600

> 12 := (T1gi +460)/1.8;

t2:=633.3333334

>

> Tfgo := 253;

Tfgo =253

> varTigo := (0.0035'T{go)"2;

varTfgo :=.78411025

> t1 := (TIgo+460)/1.8;

t1:=396.1111112

>

> Tall := 80;

Tali:=80

» varyalil := (0.0012'Tali)*2;

varTali :=.00921600

> 13 := (Tali+460)/1.8;

3 :=300.0000001

> varCOavei := .00022/2;

> t4 :=t1;

t4:=396.1111112

> Tpail := 80;

? Tpai =80

> varTpal := (0.0012*Tpai)"2;
varTpai :=.00921600

> t5 := (Tpai+460)/1.8;
t5 := 300.0000001

> Tpao := 644;
Tpao := 644

> varTpao := (0.0074*Tpao)*2;
varTpao :=22.71094336

> 16 := (Tpao+460)/1.8;
| £6:= 6133333334

> Tsal := 80;
Tsai =80

> varTsal := (0.002'Tsai)*2;
varTsai :=.025600

> t7 := (Tsai+460)/1.8;
t7 :=300.0000001

'> Tsao := 616;
Tsao =616

> varTsao := (0.007*Tsao)*2;
varTsao := 18.593344

> 18 := (Tsao+460)/1.8;
t8:=597.777171778

Averages and Variances from Part A

> CO2avel := 15.2148;
CcO2avei := 152148

> varCO2avel := .10206°2;
varCo2avei :=.0104162436

> COavei := .005;
Coavel :=.005

varCOaveil :=.484 10'7

> Q2avei := 3.8;
0O2avel =338

> varQ2avei := .01118°2;
W

1K)



varoO2avei = .0001249924

Coal Feed Rate (Ibs/hr)

> Wie := 115839;
wfe = 115839

> varWfe := (0.0025°Wfe)"2;
variWfe := 83866.71200

Moisture in Coal

> Mf :=0.06;
Mf:=.06

> varMi := ((0.2+.012°M{*100)/(100°2°1.414))*2;
varMf := 9250793742 1070

Ash re
> A:= 0.0619;
A:=.0619
> varA = ( (0.07+0.02°A*100)/(100°2°1.414))~2;
varA := 4696223261 107
Overhead ?
> OUHD := 0.9;
OUHD := .9
> varQUHD := (0.1*OUHD)"2;
varOUHD := .0081
Carbon
> C :=0.7381;
C:=.7381
> varC := (0.64/(100°2*1.414))~2;
varcC:= 5121546706 107
Hydrogen
> H :=0.0482;
H:=.0482
> varH := (0.16/(100°2*1.414))*2;
-6

varH :=.3200966692 10

[ Nitrogen

> N:=0.0135;
N:=.0135

> varN := (0.11/(100°2°1.414))"2;
varN:=.1512956913 1076

Sulfur re

> $:=0.0123;
| 5:=.0123

> var$S := ((0.06+.035°S*100)/(100°2°1.414))"2;
vars:=.1327813813 107°

|

[ Moisture (air) re

> Wma := 0.013;
wma := .013

> varwma := (.2*'Wma)*2;
varima :=.676 10

Carbon in Ash re

> Ca :=0.0486;
Ca :=.0486

> varCa := (0.10*Ca)*2;
varcCa := .000023619600

Results

P L e e R L LR LR RS LR P R R T 2 S

> evalf(Mtg);
i 08136935946

> evalf(Cpfg);

7.769387922
> evalf(Cpal);

7.151727411
> evalf(Cppa);

7.316810251
> evalt(Cpsa);

7.30518574S




Wsai in 1b/lb of AF Coal

> evalf(Wsai);

9.310086250
> evalf(sigmaWsal);

06394430072
> evalf(100*sigmaWsal/Wsai);

6868282313
> evalf(Wsai*SA*Wfe);

§57353.8547
> evalf(sigmaWsal*SA*Wfe);

3828.063622

>

e e T A R R DA R LS SR RS S RL D2 S Dt 2 il l Ll it sd

>
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Error Propagation Calculations, Part B, AL

Set no. of sample points

> n:=20;
n:=20

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

;> varcovar := array(1..n,1..n);

> for j to n do

5 foritondo

Appendix J-1
Bias Error Calculation

> varcovarli,j] := sqrt(var[i]*var[j])

Air Leak Calculation -- Zero Leak Case > od

> od;

> varcovar;

> end;
Warning, ‘varcovar' is implicitly declared local
warning, “3j° is implicitly declared local
Warning, ‘i' is implicitly declared local

make_array :=

proc(var,n)

local varcovar,j,i;
varcovar := arrxay(l .. n,1 .. n);

| for j to n do
for i to n do varcovar{i,j] := sqrt(var{i]*var(j}]) od

od;
varcovar

end

#4

> MFG := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)
&'\



> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3y(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma*((28.02°(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100°K3)

> end;
warning, “Cr’ is implicitly declared local
warning, 'Cb’ is implicitly declared local
Warning, ‘K3' is implicitly declared local
Wwarning, "Ké' is implicitly declared local
Warning, "'MFG’ is implicitly declared local

NFG :=

proc(x,A,OUHD,Ca,C,S,C0,CO2,H, Wna,02,N,Mf)

local Cr,Cb,K3, K4, MFG;
Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-QUHD)*Ca/(1-1/3%Ca);
Cb 1= C-Cr;
K3 := (Cb+.3744932959*8)/(12.01*C02([x]+12.01*CO([x]);
Ké :=

8.936*H+Wma*(36.46063760* (100-CO[x]-CO02([x]-02[x])*K3-1.301236174*N)+Mf

i
MFG := .05550621670*K4/(.05550621670*X4+100*K3)
end

wWarning, 'K4' is implicitly declared local
Warning, "M’ is implicitly declared local

proc(x,A,OUHD,Ca,C, S,CO,C0O2,H,Wna, 02,N,Mf)
local Cr,Cb,K3,K4,M;

snd

Cr := A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);

Cb := C-Cr;

K3 1= (Cb+.3744932959*S)/(12.01*C02([x}+12.01*CO[x]);

K4 :m=
8.936*H+Wma*(36.46063760*(100-CO[x]-CO2([x])-02[x]))*K3-1.301236174*N
H

M 1= (18.016*K4+K3*(288.08*C02([x%]+71.70*02([x]+50480.8 ))/(K4+1801.6

#6

> M := proc(x,A,0UHD,Ca,C,S,C0,CO2,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01*S/32.07)/(12.01*(CO2[x] + CO[x]));

> K4 := 8.936°H + Wma"((28.02(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> M := (18.016"'K4+K3*(288.08*CO2[x]+71.70°02[x]+50480.8))/(K4+1801.6*K3)

> end;
Warning, 'Cr’ is implicitly declared local
Warning, "Cb’ is implicitly declared local
Warning, 'K3' is implicitly declared local

(A
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#13
> m:= (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
_ 2897 wma+28.97
T 1.608015098 Wma + |

>i:="i"
iw=1
#14
> PAFA := 14088.2*apa‘CP*sqrt(PSpa*m)‘sum((DPpa[i}Tpa[i])*(1/2),i=1..n);
DP,
Popa (2897 mma+2807) | | PFP% Pa,

PAFA := 14088.2 cp
AFA =1 apa j 1608015098 wma + 1 Tpa, * Tpa,

5 6 7

Ppa DPpa4 DPpa DPpa DPpa DPpc:i8 DPpa 9
a + a + Tpa ¥ a + a + a
ey | ™3 6 | % pag P2y

DPj DP) DP, D. D.
P10 P3| Payy fpa, | PPPa, Fpa
+ + + +
P2 pa, Tpa, 4 pa, Rt
DPF DP DP, D D.
P Paq Pag Fpa, Fpay,
+ + +
Tpa, pa g Pay Tpa,,
> PAFB := 14088.2*apa‘*CP*sqrt(PSpa*m)*sum((DPpal[i}/Tpa[i])*(1/2),i=1..n);
DPpa DPpa
PSpa (28.97 wma+ 28.97) I 2
PAFB := 14088.2 P
apa C j 1608015098 wma + 1 Tpa, * Tpa,
D DP; DP, DP D DP) D
Ppa 3 pa4 pa5 pa6 Ppa7 pa 8 Ppa 9
+ + + + + + +
a
Tpa, Tpa, Tpa Tpa, Tpa, Tpa, Tpa,
DP, DP, D. D
. Pay | PPPAyy Pap Fpa, Ppa,, | PFPa g

—+ + + + +
a =3
Pa, pa | Tpa), Tpa 4 R Tpa s

DP, DP, DP DPpa DP,
Pag P Py Py Pa,y,
+ + + — ~
a a
Tpa pa, R Tpa, P2y

#17
> FA := 5348840*Areai*CP*sqrt(PSi)*sum((DPi[i}/(M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,v
> ma,02i,N,M1)*Ti[i}))~(1/2)*(1-MFG(i,A,O0UHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,Mf))*(
> 02i[iy100,i=1..n):

#18
> FB := 5348840°Areai*CP*sqrt(PSi)*sum((DPi(i}/(M(i,A,0UHD,Ca,C,S,C0i,CO2iH,v
> ma,021,N,Mf)*Ti[i]))*(1/2)*(1-MFG(I,A,OUHD,Ca,C,S,COIl,C02i,H,Wma,02i,N,Mf))*
> 02i[1)y100,i=1..n):

; #19 o
> SA := FA/J(FA+FB);

SR

#20
> SB := FB/(FA+FB);
sBi=s
T2
#21 o
> WPAIA := PAFA/(Wfe*SA);
D DP
PAIA = 281764 cp [FSPa (2897 wna+2897) fpa, P i
= . a
ap 1.608015098 wma + | Tpa, Tpa,
DPpa3 DPpa Ppa Ul-’pa DPpa7 UPpa8< “l;l"[n.
+ +
Tpa 7pa7 ’Ipa8 Tpa‘
DPpa 10 DPpa DPpa DPpa DPpa 14 DPpa 15
+ + 2 + + +
P2 frp‘a'n malz qpau R ™A
DP, DP; DP, D DP,
Pa6 Py P8 Fpay )
" + Tpa + Toa Toa + Toa wfe
Tpa 17 18 19 20
<

w
- |



#22

> WPAIB := PAFB/(Wfe*SB);

DPpa DPpa
PSpa (2897 wma+ 28.97) 1 2
WPAIB :=28176.4 cp +
apa j 1.608015098 wna + | Tpa, Tpa,
DP; DP, D. c D
pa 3 DF’péx4 paS Ppa6 DPpa_] Ppax DPpa9
+ + + + +
a
ma3 Tpa 4 Tp 5 ’Ipa6 7pa7 'Ipa8 710&9
D. D DP, DP, D DP
Fpa, Fpa| Py Py Fpa, Pas
+ + + + +
a a
Tpa Tpa, | Tpa, Tpa, Tpa , Tpa,
DP; DP DP, DP
Pas Pag Parg pa, | PPPay,
ma_ | Tmpa. T mpa. T mpa. | mma [¥F€
16 17 18 19 20

#23
> Cr := (A*OUHD"Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

A OUHD Ca | A (l-OUHD) Ca
Cr .= + -

|l -Ca 3 | lCa
3
>Cb:=C-Cr;
A OUHD Ca | A (1-OUHD) Ca
Cb:=C- -
1 -cCa 3 1
l—i Ca

> WAI := (28.02*(100-CO2avel-COavel-O2avei)(12.01*(CO2avei+COavei))*(Cb+(12.0
> 1/32.07)*S)-N)/0.7685;
WAL :=36.46063760 (100 - CO2aveli - COavei — O2aveli)
A OUHD ca | A (1 -OUHD) Ca

| -~ Ca 3 ‘l—--l-C
3 Ce

+.3744932959 5 |/(

1201 co2avei +12.01 cOavei)- 1301236174 N

#24
> WMGI := 8.936*H + (Wma*WAI)+Mf;

WrGI 1= 8.936 H+ Wma (36.46()6376() (100 - co2avei - COavel — O2avei)

14
k
\

A

A OUHD C | A (| -OUHD) C
a_lal ) €2 | 3741932959 s}/(

| -cCa 3

I—El;‘ Ca

12.01 co2avei + 12,01 COavei)- 1301236174 N+ Mf

#25
> WGpi := ((44.01°CO2avei+32.02*02avei+28.01°COavei+28.02°(100-CO2avei-C(
> el-0O2avei))/(12.01*(CO2avei+COavei))*(Cb+(12.01/32.07)*S));
WGpi:=(159Y9 CO2avei+4.00 0O2avei -.0l COoavei +2802.00)

_AQUHD Ca 1 A (1Z0UHD) Ca | 4741039059 s/
1-cCa 3 !
I—:j Ca

12.01 co2avei+ 12.01 Coavei)

#26

> WGIH := WGpl + WMGI;

WGi = (15.99 co2avei+4.00 O2avei - .01 Coavei +2802.00)
_A QUHD Ca _l A (|l - OUHD) Ca

1 -cCa 3 llC
5 Ca

+.3744932959 s |/(

12.01 co2avei+12.01 COavei)+ 8936 H+ wma | 36.46063760

(100 - co2avei — COavei - O2avel)

A OUHD C I A (l-0OUHD) C
o a_lag ) €2 3744932059 s/
1 -Cca 3 1
1-5 Ca

12.01 co2avei+ 12.01 Coavei) - 1301236174 N+ Mf

#27
> WAo :=( ((28.02*(100-CO2aveo-COaveo-0O2aveo))/(12.01*(CO2aveo+COaveo)))
> b +(12.01/32.07)*S)-N)/0.7685;
wAo :=36.46063760 (100 - CO2aveo ~ COaveo — 02aveo)
(c- A OUHD Ca | A (l~OUHD) Ca

- 3744932959
I~ oa 3 i i - +.374493 S/
t\ 3



12.01 ¢02aveo + 1201 COaveo) - 1.301236174 N

#28

> WMGo := 8.936°H + (Wma*WAo) + Mf;
WMGo = 8.936 H+ Wma | 36.46063760 (100 - cO2aveo — COaveo - 02aveo)

D A — OQUHD
- ACUHD Ca 1 A (IZOUHD) Ca | 3744932959 s

l-cCca 3 I—lC‘
3 Ca

12.01 co2aveo + 12.01 Coaveo) - 1.301236174 N |+ Mf

#29

> WGpo := ((44.01*CO2aveo0+32.02'02ave0+28.01*COave0+28.02*(100-CO2aveo-C
> Oaveo-02aveo0))/(12.014(CO2aveo+COaveo))*(Cb+(12.01/32.07)*S));
WGpo = (1599 co2aveo+4.00 02aveo—.0l COaveo +2802.00)
3 A OUHD Ca __l_ A (| -OUHD) Ca

1-cCa 3 1
I_E Ca

+.3744932959 s |/(

12.01 cozaveo+ 12.01 COaveo)

#30

> WGo := WGpo + WMGo;
WGo := (15.99 CO2aveo+4.00 02aveo—.01 Coaveo +2802.00)
_AOUHD Ca 1 A (1 -0UHD) Ca

- 3744932959 5
l-ca 3 +.37 (

¢ 1
l-=- Cca
3

1201 co2aveo+ 12.01 COaveo)+8.936 H+ wma | 3646063760

(100 - co2aveo — COaveo - 02aveo)

(o] A (1 - OUHD
- A COUHD Ca 1 A (LZ0UHD) Ca , 3344930959 s
l-Ca 3 1
I_i Ca

12.01 co2aveo+ 12.01 coaveo)-1.301236174 N |+ Mf

#31
> AL := ((WGo-WGIi)WGi)"100;

(15,99 co2aveo+4.00 02aveo- .01 COaveo +2802.00) %1
AL := 100
1201 co2aveo+ 12.01 COaveo

- Co2 - CO - 02

+ wma | 36.46063760 -+ aveo - COaveo - 02aveo) %l | 441236174
12.01 co2aveo+ 12.01 CoOaveo

(15.99 co2avei +4.00 02avei -.0l Coavei+2802.00) %!
%2

 cOravei - . .

- wma (36‘46063760 (100 - cozavei C;‘;"e‘ 02avel) %! _ | 301236174

(15.99 co2avei +4.00 02avei-.0l COavei +2802.00) %!
+8.936 H
%2

- 2 1 - CO ! — 3 o

+ wma (36.46063760 (100 - cozavei %‘;"e‘ O2avei) %1 _ | 301236174

+Mf)

A OUHD C | -~ OUHD
%1 :=Cm a_lad ) €4 | 3714932959 s
1-cCa 3 1
; 1—5 Ca

%2 := 12.01 CcOo2avei +12.01 coavei

#32

> TFluegasiNa := WGi*Wfe*SA;

1
TFluegasINa :=

5 (15.99 co2avei+4.00 02avei - .0l Coavei +2802.00)
A OUHD C. 1 | - OUHD) C
- "—5‘“( HD) €3, 3744932959 s/
= La

l—% Ca

12.01 co2avei+ 12,01 Coavei)+8.936 H+ wma | 36.46063760)

(100 - co2avei — Coavei — 02avei)
A OUHD Ca | A (l-OUHD) Ca

| -Ca 3 ) lC
-= Ca
3

+ 3744932959 s |/(

oy

BV}



12.01 co2avei + 12.01 coavei)- 1.301236174 N |+ Mf| Wfe

TFluegasIND := WGi*Wfe*SB;

#33

TFluepasOUTa := WGo*Wfe*SA;

TFluepasQUTD := WGo*Wle*SB;

> sigmaALCO2avel := sqri{Ditf(AL,CO2avei)*2*varCO2avei):

> sigmaALCO2avel := value(");

sigmaALCO2avei :=|] 100
%4
-15.99 -‘-,ﬂl—+ 12.01 ——-—%;L— wma | -36.46063760 Kl —437.8922576 M
%2 %22 %2 %2

%4 %l
%2
- 100 ((l5.99 co2aveo +4.00 02aveo—.0l COaveo +2802.00) %I

%3 %l

+8.936 H+ wma (36.46063760 - 1.301236174 N)+Mf

12.01 co2aveo+ 1201 Coaveo
(100 — co2aveo — COaveo — 02aveo) Pl
- 1.3012 4
12.01 co2aveo+ 12.01 CoOaveo 30123617

+ Wma (36.46063760

%4 %1 %3 %l
—- 6.46063760 ——— — 1. 4
a ma (3 6063760 ———~ 130123617 ND
1509 2L _jp01 24 %L L [ 3646063760 DL _ 4378920576 23 2L
%2 %22 %2 %22

2

4
/(j‘%)r 8.936 H+ Wma (36.46063760 _Z‘Q%_Zf_'__ 1.301236174 N]+ Mf)

172

varCo2avei

A D Ca | A (1 -0OUHD) C
%l = C- ?UHC 2 -3 ( 1 HD) €4 | 3744932959 s
4 l—-; Ca

%2 .= 12.01 co2avei +12.0l CoOavei
%3 := 100 — CO2aveli — COavei — 02avel

%4 = 15.99 co2avei+4.00 O2avei- .01 COavei +2802.00
> sigmaALCOavei := sqrt(Diff(AL,COavei)*2*varCOavei):

> sigmaALCOavel := value("):

> sigmaALO2avel := sqri(Diff(AL,O2avel)*2*varO2avei):

|
[> sigmaALO2avel := value("):

> sigmaALCO2aveo := sqrt(Diff(AL,CO2aveo)*2'varCO2aveo):

> sigmaALCO2aveo := value(");
, 9o |
' sigmaALCO2aveo :=J10000 [15.9‘) %7

(15.99 co2aveo+4.00 02aveo-.01 COaveo + 2802.00) %I
-12.01 + Wina

%22

g 00 - cozaveo - COaveo - 02 %
(-36.46063760 - 4378922576 (100 - Co2aveo - COaveo - O2aveo) % J
0L

%22
(15.99 co2avei+4.00 O2avei—.0l Coavei +2802.00) 4%
varCo02aveo :

12.01 co2avei +12.01 Coavei
+8.936 H

00 - . i 02 ,
(100 - CO2avel Cf)ave:. o avel.) %1 — 1301236174
1201 CO2avel+ 12.01 COavel

+ Wma (36.4606376()

172
2

+Mf]]
A UH. - OUHD
@l =cAOUHD Ca 1 Al ) Ca | 3744932959 s
|-Ca 3 l--l— Cca

3

%2 :=12.01 co02aveo+ 12.01 COaveo

O/’vfi



> sigmaALCOaveo := sqri(Diff(AL,COaveo)*2*varCOaveo):

> sigmaALCOaveo := value("):

> sigmaAL.O2aveo := sqrt(Diff(AL,02aveo)*2*varO2aveo):

> sigmaALO2aveo := value(*):

> covarALCO2aveio := 2‘Diﬂ(AL,CO2avei)'Diﬂ(AL,CO2aveo)'sqrt(varCOZavei)'sqrt
> (varCO2aveo):

> covarALCO2avelo := value(“):

> sigmaALAreal := sqrt(Diff(AL,Areal)~2*varAreal):

> sigmaALAreal := value(*):

> sigmaALAreao := sqrt(Ditf(AL,Areao)*2*varAreao):

> sigmaALAreao := value(*):

> sigmaALCP := sqrt(Diff(AL,CP)*2*varCP):

> sigmaALCP := value("):

> sigmaALPSI := sqr(Diff(AL,PSi)*2*varPSi):

> sigmaALPSI := value(*):

> sigmaALPSo := sqrt(Diff(AL,PSo)*2*varPSo):

> sigmaALPSo := value(*):

> sigmaALA := sqri(Diff(AL,A)*2*varA):

> sigmaALA := value("):

> slgmaALOUHD := sqrt(Diff(AL,OUHD)"2*varOUHD):

> sigmaALOUHD := value(*):

> sigmaALCa := sqri(Dift(AL,Ca)~2*varCa):

> sigmaALCa := value("):-

> sigmaALC := sqri(Dift(AL,C)*Ditf(AL,C)*varC):

> sigmaALC := value("):

> sigmaALS := sqri(Ditf(AL,S)"Diff(AL,S)*varS):

v

sigmaALS := value("):

> sigmaALH := sqri(Diff(AL,H)*Ditf(AL,H)*varH):

> sigmaALH := value("):

> sigmaALWma := sqry(Diff(AL,Wma)*Diff{(AL,Wma)*varWma):

v

sigmaALWma := value("):

v

sigmaALN := sqri(Ditf(AL,N)*Ditf(AL,N)*varN):

v

sigmaALN := value("):

sigmaALM{ := sqri(Diff(AL,Mf)*Diff(AL,Mf)*varMt):

v

v

sigmaALMf := value("):

> sigmaALWfe := sqrt(Diff(AL,Wfe)~2*varWte):

v

sigmaALWfe := value("):

sigmaALWma := sqri(Diff(AL,Wma)*Diff(AL, Wma)*varWma):

v

v

sigmaALWma := value("):

v

sigmaALDPi := sqrt(sum(sum(

v

Diff(AL,DPi[i])*Dit{(AL,DPi[j})*varDPil[i,j]

v

J=1..n),i=1..n)):

> sigmaALDPI := value("):

v

sigmaALDPo := sqrt(sum(sum(

v

Dift(AL,DPo[i])*Dift(AL,DPo[j])*varDPol[i,j]

v

J=1..n),I=1..n)):

> sigmaALDPo := value("):

1/7‘7



> sigmaALTIi := sqrt(sum(sum(

> DItf(AL, Ti[i])* Diff(AL,Ti[j))*varTi[i,}}

> J=1.n),l=1..n)):

> sigmaALTi := value(*):

> sigmaALTo := sqrt(sum{sum(

> DIff(AL,To[i})*Diff(AL,To[j])*varToli,]

> J=1..n),i=1..n)):

> sigmaALTo := value("):

> sigmaALCOI := sqrt{sum(sum(

> DIff(AL,COI[i))*Diff(AL,COi[j})*varCOifi,]]

> j=1..n),I=1..n)):

> sigmaALCOl := value(*):

> sigmaALCOo := sqrt(sum(sum(

> DIft(AL,COo[i])*Diff(AL,COo[])*varCOoli,]

> J=1.n)i=1.n)):

> sigmaALCOo := value("):

> sigmaALCO2i := sqri(sum(sum(

> Difi(AL,CO2i[i])*Diff(AL,CO2i[j])*varCO2i[i,j]

> j=1..n),I=1..n)):

> sigmaALCO2i := value("):

> sigmaALCO20 := sqrt(sum(sum(

> DIff(AL,CO20[i])*Diff(AL,CO20(j]))*varCO20l[i,j]

> J=1..n),i=1..n)):

> sigmaALCO2o := value("):

> sigmaAL02i := sqri(sum(sum(

> DItf(AL,02i[i])"Ditf(AL,02i[j])*varO2i[i,j]

> J=t1.n)i=1.n)):

> sigmaALO2i := value("):

> sigmaALO2o0 := sqri{sum(sum(

S DIff(AL,020(i})* Diff(AL,020[j])*varO2o[l,j]

> j=1..n),I=1..n)):

> sigmaALO20 := value("):

> sigmaAL := sqrt(

> Diff(AL,CO2avei)*2*varCO2avei +

> Ditf(AL,COavei)*2*varCOavei +

> Diff(AL,O2avei)*2*varO2avel +

> DIff(AL,CO2aveo0)*2*varCO2aveo +

> DIff(AL,COaveo)*2*varCOaveo +

> Ditf(AL,02aveo)*2*varO2aveo +

> 2*Ditf(AL,CO2avei)*Diff(AL,CO2aveo)*sqrt(varCO2avei)*sqrt(varCO2aveo) +

> Ditt(AL,Wfe)*2'varWfe +

> Diff(AL,Areai)*2'varAreai +




Diff(AL,Areao)”*2"varAreao +

Diff(AL,CP)*2*varCP +

Dift(AL,PSi)*2*varPSi +

Diff(AL,PSo)*2*varPSo +

Diftf(AL,A)*2'varA +

Diff(AL,OUHD)*2*varOUHD +

Ditt(AL,Ca)*2*varCa +

Difi(AL,C)*Diff(AL,C)*varC +

Diff(AL,S)*Diff(AL,S)*varS +

Diff(AL,H)*Diff(AL,H)*varH +

Ditf{(AL,wWma)*Ditf{(AL,Wma)*varWma +

Ditf(AL,N)*Diff(AL,N)*varN +

Ditf(AL,Mf)*Diff(AL,Mf)*varMf +

sum(sum(

Diff(AL,DPi[i])*Diff(AL,DPi[j])*varDPIi[i,j] +

Diff(AL, Ti[i])* DIff(AL, Ti[j])*varTi[i,] +

Diff(AL,COI[i})*Diff(AL,COI[]])*varCOIi[i,j] +

Diff(AL,CO2i[i])*Diff(AL,CO2i[j])*varCO2i[i,j] +

> DII(AL,02i[1])*DIft(AL,02i[]})*varO2i[l,j] +

Diff(AL,DPol[i])* Diff(AL,DPol[j])*varDPo[i,j] +

Diff(AL, To[i])*Diff(AL,To[j])*varTo[l,j] +

Diff(AL,COof{i])*Diff(AL,COo[j})*varCOol[i,]] +

Ditf(AL,CO20[i})*Ditf(AL,CO20l[j])*varCO20{i,]} +

Diff(AL,020[i])* Ditf(AL,020fj})*varO2o[i,j]

r J=1..n),I=1..n)):

> sigmaAL := value(");

sigmaAL:=|{ 100 (
%9 % %3 4
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%9 Wma %8 %S Wma %3
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%2 :=12.01 co2avei+ 12.01 Coavei

%3 = 100 - cO2avel — COavel — O2avei

Fo3 ol

%4 :=36.46063760 - 1301236174 N

(4
%5 := 1599 CO2avei+4.00 02avei- .0 COavel + 2802.00
%6 = %-& 8.936 H+ wma %4 +Mf

%7 :=12.01 co2aveo+ 12.0l COaveo
%8 := 100 - CO2aveo — COaveo — 02aveo
%9 :=15.99 co2aveo+4.00 O2aveo-.01 COaveo +2802.00
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%Y %l

%12 := Wma (

+ Wma (36.46063760

%1l ;= Wma (-36.46063760 —%—%— —437.8922576

%8 %l
7

%S %l
~ 1301236174 N|-————— - Wma %4
%2
%3 %l
%22

%

%8 %l
-36.46063760 —%—437.8‘)22576 ——g—z—-]

A OUHD A OUHD Ca l A (1 - OUHD) _l A (1 - OUHD) Ca

l1-Ca (l—Ca)z 3

Aca | Aca

“h-ca 31,
3

OUHD Ca | (1-OUHD) Ca

l-ca 3 l——;- ca

2

-1 ¢ ’ 1
3 “? (1-3 Ca)

Constants

Averages and Variances from Part A

i> CO2avei := 15.2148;

co2avei = 152148

> varCO?2avel :=.1"2;

varco2avel = .01

> COavel :=.005;

coavei :=.005

> varCOavel := .002*2;

varCoOavel = .4 10'5

> O2avel := 3.8;

02avei =38

> varQO2avei := .05%2;

varoO2avei :=.0025

> CO2aveo := 15.2148;

co2aveo := 152148

‘> varCO2aveo :=.1"2;

varcCo02aveo :=.01

> COaveo :=.005;

sh’



Coaveo = .005

> varCOaveo :=.002/2;

varCoOaveo = .4 IO'5

> O2aveo := 3.8;
02aveo:=3.8

> varO2aveo := .0542;
varo2aveo = .0025

Coal Feed Rate (Ibs/hr)

> Wfe := 115839;
wfe:= 115839

> varWfe := (0.05*Wfe)*2;
varwfe ;= 3354668480 108

Area (square ft)

> Areal := 3.99;
Areai =399

> varAreal := (0.0335%Areai)*2;
varAreai := 01786633223

> Areao := 3.54;
Areao = 3.54

> varAreao := (0.0364*Areao)"2;
varAreao :=.01660386874

Pitot Coefficient

> CP :=0.84;
cp:=.84
> varCP := (0.01)%2;
varCp :=.0001
Pressure in Area
> PSi :=29.23;
PSi:=29.23

> varPSi := (0.04)*2;
varPsi :=.0016

> PSo0:=29.1;

PSo:=29.1

{;varPSo := (0.04)"2;
varPSo := .0016

Pressue for primary air
> PSpa :=31.11;

PSpa :=31.11

> varPSpa := (0.04)*2;
varPSpa :=.0016

Velocity Head
> v :=.45802;

vi=.45802

> DPo := array{[seq(v,i=1..n)]);
DPo :=[.45802 45802 45802 45802 45802 .45802 45802 45802 4580
45802 45802 45802 .45802 45802 .45802 45802 45802 .45802 .45
.45802]
> u:=(.02'v)"2;

u = .00008391292816

> var := array([seq(u,i=1..n)]);
var :=[.00008391292816 .00008391292816 00008391292816 0000839129281«

00008391292816 .00008391292816 .00008391292816 00008391292816
00008391292816  .00008391292816 00008391292816 .00008391292816
00008391202816 .00008391292816 .00008391292816 00008391292816
00008391292816  .00008391292816 .00008391292816 00008391292816 )

> varDPo := make_array(var,n);

! varDPo ;= varcovar

> v :=.82831;
E vi= 82831
> DPi := array([seq(v,i=1..n)]);
DPi:=[.82831 .82831 .82831 82831 82831 .82831 82831 .82831 82X
82831 .82831 .82831 .82831 .82831 .82831 82831 82831 .82831 .3X
.82831]
> u = (.02°v)"2;

u 1= .0002744389824

> var := array([seq(u,i=1..n)});
var = [.0002744389824 0002744389824 0002744389824 OO02744389824

<
S
ST



0002744389824 0002744389824 Q002744389824 0002744389824

0002744389824 0002744389824 0002744389824 0002744389824

0002744389824 .(XN02744389824 0002744389824 0002744389824

0002744389824 0002744389824 0002744389824 0002744389824
> varDPI := make_array(var,n);

varDP1 := varcovar

Temperature (R)
>v:=713;

v:i=713

> To := array([seq(v,I=1..n)]);
To:={713 713 713 713 713 713 713 713 713 713 713 713 713 713
713 713 713 713 713 713}
> u = (0.01°(v-460))*2;

u := 6.4009

> var := array([seq(u,l=1..n}});
var :=[6.4009 6.4009 6.4009 6.4009 6.4009 6.4009 6.4009 6.4009 6.4009
6.4009 6.4009 64009 6.4009 64009 6.4009 6.4009 64009 6.4009 6.4009
64009}
> varTo := make_array(var,n);

varTo .= varcovar

> v := 1140;
v:= 1140

> Ti:= array([seq(v,I=1..n)]);
pi:=[1140 1140 1140 1140 1140 1140 1140 1140 1140 1140 1140
1140 1140 1140 1140 1140 1140 1140 1140 1140]
> u:= (0.01*(v-460))*2;

u = 46.2400

e e -+ S e & 2t o e T

> var := array([seq(ul=1.m]);
var :=[46.2400 46.2400 462400 462400 46.2400 46.2400 46.2400 46.2400
46.2400 46.2400 46.2400 46.2400 462400 46.2400 462400 46.2400
462400 462400 46.2400 46.2400)
> varTi := make_array(var,n);

varTi = varcovar

Moisture in Coal
> Mf :=0.06;

Mf = .06

> varMf := (0.039°Mf)*2;
|

varMf = 54756 107

Ash

]> A := 0.0619;

A:=.061Y

> varA := ( 0.033°A)"2;

vara = 582787881 107

Overhead

> OUHD := 0.9;

OUHD:

1l
c

> varOUHD := (0.1"OUHD)"2;

varOUHD := .0081

Carbon

b C:=0.7381;

Cc:=.7381

> varC := (0.039°C)*2;

varcC:=.0008286280388

Hydrogen

‘> H := 0.0482;
|

H:=.0482

> varH := (0.039*H)"2;

i

varH:= 353364804 107

Nitrogen

> N :=0.0135;

|

N:= 0135

> varN := (0.039°N)"2;

varN = 27720225 1078

Sulfur

> $:=0.0123;

s:=.0123

> varS := (0.019°S)"2;

vars:= 5461569 1077

L



CO2
> v := 14.145;

v:=14.145

> CO2o0 := array{[seq(v,i=1..n)]);
Cco20:=[14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145
14.145 14.145 14.145 14.145 14.145 14.145 14.145 14.145 14,145 14.145
14.145]
> u:=(0.1)*2;

u:=.01

> var := array([seq(u,i=1..n)]);
var:=[.01 .01l .01 .0t .0t 01 .01 .01 .01 .01 .01 .01 .0l .01 .01
01 .01 .01 .01 .01}
> varCO2o0 := make_array(var,n);
varC02o := varcovar

> v := 15.2148;
v:=15.2148

> COZ2i := array([seq(v,i=1..n)]);
Cco2i:=[15.2148 152148 152148 152148 152148 15.2148 15.2148 15.2148
152148 152148 152148 152148 152148 152148 152148 152148
152148 152148 152148 152148]
> u:=(0.1)"2;

u:=.0l

> var := array([seq(u,i=1..n)});
var:=[.01 .01 .01 .01 o1 .0t .01 .01 .01 01 0l 01 .01 .01 .01
01 .01 .01 .01 .01}
> varCO2i := make_array(var,n);
varCo21 .= varcovar

vi=5

> 020 := array([seq(v,i=1..n)]);
020::[55555555555555555555]
> u:= (0.05)42;

u = 0025

> var := array([seq(u,i=1..n)]);
var:=[.0025 .0025 0025 0025 0025 0025 .0025 0025 0025 0025

! 0025 0025 0025 .0025 0025 00250025 0025 0025 0023
‘S varO2o := make_array(var,n);

!

var0O2o = varcovar

> Vv :=3.8;
v:i=38

> 02 := array([seq(v,i=1..n)]);
02i:=(3.8 38 38 38 38 38 38 38 38 38 38 38 38 3% 3
38 3.8 3.8 3.8 38]
> u := (0.05)*2;

u:=.0025

> var := array([seq(u,i=1..n)});

var:={.0025 .0025 .0025 0025 .0025 .0025 .0025 .0025 .0025 .0025
0025 .0025 .0025 .0025 .0025 .0025 0025 0025 0025 .0025])

r varO2i := make_array(var,n);

var0Q21 := varcovar

Moisture (air)
> Wma := 0.013;

wma :=.013
L varWma := (.1*Wma)~2;
varwma :=.169 l()'S
CO
> v := 0.005;

| v =005

> COo := array([seq(v.i=1..n)]);
COo :=[.005 .005 .005 .005 005 .005 005 .005 .005 .005 .005 .00r
005 005 005 005 005 005 005 .005]

;> u := (0.002)"2;

u:=.4 10'5

> var := array([seq(u,i=1..n)]);
var:=[4 105 4105 410° 405 4107 4 03 4103 4w
4105 4105 4105 4105 4105 410 4107 407
4105 4100 4107 4 107]
> varCOo := make_array(var,n);

varCoo = varcovar




> v := 0.005;
v:=.005

> COI := array([seq(v,I=1..n)]);
Ccoi:=[.005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005 .005
005 005 005 005 .005 .005 .005 .005)

> u:=(0.002)*2;

u:=4 1073

> var := array([seq(u,i=1..n)});
var:=[4 10% 4105 410% 4105 4 10° 4105 4 10° 410
4 10° 410° 4107 4107 410° 410° 4105 4107

4105 4105 4105 410%]
> varCOl := make_array(var,n);

varCOi1 := varcovar

Carbon in Ash
> Ca := 0.0486;

Ca :=.0486

> varCa := (0.25*Ca)”2;
varcCa :=.000147622500

Area for primary air
> apa := .63;

apa :=.63

> varapa := (.0208*apa)*2;
. varapa :=.000171714816

> Vvi=.2171;
v:=.2171

> DPpa := array([seq(v,=1..n)]);
pPpa:=[2171 2171 2171 2171 2171 2171 2171 2171 2171 2171
2171 2171 2171 2171 2171 2171 2171 2171 2171 2171)

> u:=(0.02*v)*2;

u :=.000018852964
> varDPPA := array([seq(u,i=1..n)]);
varDPPA = [.000018852964 000018852964 000018852964 .0 18852964
000018852964 000018852964 000018852964 000018852964 .0 18852964

00018852964 .0000TERS2964 000018852964 000018852964 BOUBIRNS2u¢.
} 000018852964 000018852964 000018852964 000018852964 DOV EES2Y¢,
000018852964 }

> v:=1104;
| vi= 1104
'> Tpa := array([seq(v,i=1..n)]);
Tpa:=[1104 1104 1104 1104 1104 1104 1104 1104 1104 1104 11
1104 1104 1104 1104 1104 1104 1104 1104 1104)
> u:=(0.01*(v - 460))~2;

u:=41.4736

> varTpa := array([seq(u,i=1..n)});
varTpa :={41.4736 414736 41.4736 414736 414736 414736 41.4736
414736 41.4736 41.4736 41.4736 41.4736 414736 41.4736 414736
41.4736 414736 414736 41.4736 41.4736])

Results
LTI IR LIRS RS RS R ER RS ARSI 2 RS2 R R R R R 2 PSSR L 2% Y]

> evalif(AL);

' AV LeAY
r evaif(sigmaAL);

3299634610 107 2 O

bins 01952759709 %,
> evalf(100*sigmaAL/AL);

5918108942 108 W7 S 6 0 FicavT
wWiHe AL XO

> evalf(sigmaALWfe);

> evalf(sigmaALWma);
3927433122 10710

> evalf(sigmaALCO2avei);
' 5841239251

> evalif(sigmaALCOavei);

01267624739
> evalf(sigmaALO2avei);

005475063689

> evalf(sigmaALCO2aveo);
5841239248

> evalf(sigmaALCOaveo);

bhl



01267624739 > evalf(sigmaALCOi);
> evalf(sigmaALO2aveo); ! 0
005475063692 > evalf(sigmaALCO2i);

> evalf(covarALCO2aveio); 0
-.6824015194 > evall(sigmaALO2i); )

> evalf(sigmaALAreal); 0

0 > evalf(sigmaALDPo);
> evalf(sigmaALAreao); 0

0 > evalf(sigmaALTo);
> evalf(sigmaALCP); 0

0 > evall(sigmaALCOo);
> evalf(sigmaALPSi); 0

0 > evalf(sigmaALCO20);
> evalf(sigmaALPSo); 0

0 > evalf(sigmaALO20);
> evalf(sigmaALA); 0

-11 '."“.‘.".""“‘t‘#ﬂ“#*“‘ﬁ‘#"“‘#’.#‘#.‘.O‘.‘.O‘#t““.‘lﬁ““.t

.4879213086 10

> evalf(sigmaALOUHD); 1=
-1 -

4893902538 10 i:=1

> evalf(sigmaALCa);

1154095607 10710 #13

- > m := (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
> evalf(sigmaALC); ‘ m:=28.74570417

1832051013 10°8 ;
> evalf(sigmaALS); | #14

.11 \> PAFA := 14088.2'apa'cP"sqn(PSpa'm)'sum((DPpa[i]ffpa[i])"(1l2),i=1..n);

)
3774725272 10 i PAFA = 62529.82254

> evalf(sigmaALH);

A253221987 10710 |> PAFB := 14088.2‘apa‘CP'sqrt(PSpa'm)‘sum((DPpa{i]ffpa[l])"(1/2),i=1..n);
PAFB := 62529.82254

> evalf(sigmaALN);

2255075574 10713 =

> evall(sigmaALMI); SFA 1= 5348640° Areai CP*sqri(PSi)' sum((DPi[i/(M(i,A,OUHD,Ca,C,5,C0i,CO2i H.'
5024873774 10711 > ma,021,N,Mf)*TI[I))(1/2)*(1-MFG(},A,OUHD,Ca,C,S,C0i,CO2,H,Wma,02i,N,M1))"
> evalf(sigmaALDPi); > 02I[i)100,l=1..n):
0 _
> evalf(sigmaALTi); -
v #18 -
S
Oy



> FB := 5348840*Areai*CP*sqri(PSi)*sum((DPi[i)/(M(i,A,OUHD,Ca,C,S,C0i,C02i,H,W
> ma,02i,N,Mf)*Ti[i]))~(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,C02i,H,Wma,02i,N,Mf))*C
~ > 02i[iy100,i=1..n):

#19
> SA := FAI(FA+FB);

SA ;= .5000000000

_#20
> SB := FB/(FA+FB);

SB := 5000000000

#21
> WPAIA := PAFA/(Wfe'SA);

WPAIA :=1.079598797

#22

> WPAIB := PAFB/(W(e*SB);

WPAIB := 1.079598797

#23
> Cr := (A"OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);
Cr := 002947741741

>Cb:=C-Cr;

Cb :=.7351522583
> WAI := (28.02*(100-CO2avei-COavei-O2avei)(12.01*(CO2avei+COavei))*(Cb+(12.0
> 1/32.07)*S)-N)/0.7685;

WAL :=11.93169660

#24
> WMGH := 8.936'H + (Wma*WAI)+Mf;
WMG1 := .6458272558

#25
> WGpI := ((44.01°CO2avei+32.02*02avei+28.01*COavei+28.02*(100-CO2avei-COav
> ei-O2avei))(12.01*(CO2avei+COavel))*(Cb+(12.01/32.07)"S));
WGpi = 12.38591870

#26
> WGI := WGpi + WMGI;

WG = 13.031743596

#27
> WAo :=( ((28.02*(100-CO2aveo-COaveo-0O2aveo))(12.01 ‘(CO2aveo+COavedﬁj'(¢
> b +(12.01/32.07)*S)-N)/0.7685;

WAo = 11.93169660

#28
> WMGo := 8.936'H + (Wma*WAo) + Mf;
WMGo := .6458272558

#29
> WGpo := ((44.01°'CO2ave0+32.02*02aveo+28.01*COave0+28.02*(100-CO2aveo-C
> Oaveo-02aveo))/(12.01*(CO2aveo+COaveo))*(Cb+(12.01/32.07)*S));
WGpo := 12.38591870

#30
> WGo := WGpo + WMGo;

WGo := 13.03174596

#31
fr AL := ((WGo-WGIYWGI)*100;

AL:=0

|
#32
> TFluegasiNa := WGi*Wfe‘SA;
TFluegasINa :=754792.2100

i
[ TFluegasIND := WGi*W[e*SB;

#33
TFluegasOUTa := WGo*W(le*SA;
TFluegasOUTD ;= WGo*Wfe*SB;,

>
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Random Error Propagation Calculations, Part B, AL (zero leakage, n=20 for flue gas in,
n=24 for flue gas out)

Set no. of sample points
> n:=20;

n:=20

procedure for creating variance-covariance matrix

> make_array := proc(var,n)

‘> varcovar := array(1..n,1..n);

> forjtondo

Appendix J'2 > foritondo

Random Error Calculation SHT=] then
Air Leak Calculation -- Zero Leak Case S varcovarlij] = sqri{varivari)
> else

> varcovar[i,j] :=0

> fi;

> od

> od;

> varcovar;

> end;
warning, ‘wvarxcovar® is implicitly declared local
warning, "3 is implicitly declared local
warning, ‘i° is implicictly declared local

make_axray =
proc (vax,nj

local varcovar,j,i;
varcovar := array(l .. n,1 .. n);

57



for j to n do
for 1 to n do
if 1 = j then varcovar(i,]j]) := sqrt(var{i}*var(j})
else varcovar{i,j] := 0
£i
od
od;
varcovar
end

#4

> MFG := proc(x,A,0UHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3y(1-Ca/3);

>Cb:=C-Cr;

> K3 := (Cb+12.01°5/32.07)/(12.01*(CO2[x] + CO[X]));

> K4 := 8.936°H + Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685)+Mf;

> MFG := (K4/18.016)/((K4/18.016)+100"K3)

> end;
Warning, ‘Cr’ is implicitly declared local
wWarning, “Cb’ is implicitly declared local
Warning, K3° is implicitly declared local
Warning, "K4' 18 implicitly declared local
Warning, 'MrG° is implicitly declared local

WG 1=

proc(x,A,OUHD,Ca,C,S,CO,CO2,H,Wna,02,N,Mf)

local Cr,Cb,K3,K4, NFG;
Cr :;w A*OUHD*Ca/(1-Ca)+1/3*A*(1-QUHD)*Ca/(1-1/3*Ca);
Cb = C-Cr;
K3 := (Cb+.3744932959*S)/(12.01*CO02[x])+12.01*CO[x]);
K¢ =

B.938%RvRma™(36.46063760%{100-CO[(x]-CO2[x]-02[x])*K3-1.301236174*N)+Mf

MFG :x= ,05550621670*K4/(.05550621670*K4+100*K3)
znd

>Cb:=C-Cr;
|
l> K3 := (Cb+12.01"5/32.07)/(12.01*(CO2[x] + CO[x]));

SK4:=8036'H+ Wma*((28.02*(100-CO[x]-CO2[x]-02[x])*K3-N)/0.7685) +MTf;

> M := (18.016°K4+K3°(288.08°CO2[x]+71.70*02[x]+50480.8))/(K4+1801.6°K3)

> end;
Warning, "Cr’ is implicitly declared local
Warning, "Cb° is implicitly declared local
Warning, 'K3' is implicitly declared local
Warning, K4 is implicitly declared local
Warning, ‘M’ is implicitly declared local

proc(x,A,OUHD,Ca,C,S,CO,CO2,H,Wmna,02,N,ME)
local Cr,Cb,K3,K4,M;
Cr 1= A*OUHD*Ca/(1-Ca)+1/3*A*(1-OUHD)*Ca/(1-1/3*Ca);
Cb := C-Cr;
K3 = (Cb+.3744932959%3)/(12.01*C0O2([x}+12.01*CO[x]);
Ké =
8.936*H+Wma* (36.46063760*(100-CO[x)-CO2([x]-02[x])*K3-1.301236174*N
H
M 1= (18.016*K4+K3*(288.08*C0O2{x}+71.70*02[x]}+50480.8 ))/(XK4+1801.¢€
end

#6

> M := proc(x,A,OUHD,Ca,C,S,C0,C02,H,Wma,02,N,Mf)

> Cr := (A*OUHD"Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

#13

> m := (Wma * 28.97+28.97)/((Wma*28.97/18.016)+1);
2897 wma+28.97
~ 1608015098 wma + 1

#14
> PAFA := 14088.2"apa*CP*sqri(PSpa*m)-sum((DPpal[i}/Tpa[i])*(1/2),i=1..n);

DPpa DPpa
PSpa (28.97 wma +28.97) I )
PAFA := 14088.2 cp
apa j 1.608015098 #ma + 1 Tpa, * | "1pa,
DP, D
pa3 DPpa4 Ppa5 DPpa 6 DPpa7 DPpa8 DPpa"‘
+ + et —+ Tt Al s
Tpa, 4 Tpag Tpag 7 Tpay g
<
(y



DPpa DPpa DPpa DPpa DPpa DPpa

10 1" 12 13 14 15
+ + + + + 2
a a a
Pa,, Tpa), pa, Tpa,, Tpa pa,s
DPF) DP, D D
Pas | PPy, Py FPay Fpa,,

+ + + —+
Tpa Tpa, pa g Tpa,, Tpay,

> PAFB := 14088.2°apa*CP*sqrt(PSpa*m)*sum((DPpali}/Tpa[i])*(1/2),i=1..n);
Dli’pal DPpa

Pspa (2897 Wma+28.97) 2
= . +
parg:= 140882 apa ij 1608015098 wma + | Tpa, Tpa,
DP, D.
DPpa 3 DPpa4 DPpa s DPpa s DPpa7 pa 3 Ppa9
+ + + + + s
Tpa, Tea, | TPag Tpag Tpa, Tpay
DP, D D, D.
P20 . Dfpa, . Fpa, Fpa,, | PEPay, . Fpa,
Tea), T, pa,, Tpa, 4 Toa pas
D D DP, D
. DPpa g . Ppa Fpa g P29 P2y,
pa Tpa, Tpa g Tpay P2y,

#17
> FA := 5348840*Areai*CP*sqrt(PSi)*sum((DPi[i}/(M(i,A,OUHD,Ca,C,S,C0i,CO2i,H,W
> ma,02i,N,M)*Ti{i]}))~(1/2)*(1-MFG(i,A,OUHD,Ca,C,S,C0i,C02l,H,Wma,02i,N,Mf))*'C
> 02i[iy100,i=1..n):

#18
> FB := 5348840 Areai*CP*sqrt(PSi)*sum((DPi[iJ(M(i,A,OUHD,Ca,C,S,COi,CO2i,H,W
> ma,021,N,M1) TI{I]))~(1/2)*(1-MFG(I,A,OUHD,Ca,C,S,C0Il,C0O2},H,Wma,02i,N,M!))*C
> 0O2i[iy100,i=1..n):

#19
> SA := FA/(FA+FB);

0| —

#20

;> SB := FB/(FA+FB);
|

&)

oo}

W
9] —

#21
> WPAIA := PAFA/(Wle'SA);
DPpa DPpa
[§ [
WPAIA = 281764 apa CP PSpa (2897 wma + 28.97) 1 + 2
1608015098 Wma + 1 Tpa) Tpa_
DPj D DP,
pa 3 Ppa4 pa5 DPpa6 DPpa7 DPpa8 DFpsc
Toa. | 1pa. | 1pa. | 1pa. | apa. ' R
3 4 s 6 Tpa, Tpay e,
D DP,; DP D
P2y . Pan . Pap, . fpa 4 . bfpa, . bfpa s
a
e, pa), Tpa, Pa Tpa , pa g
DPpa DP, DP;
Pas Papg pa, | PPpa, [DFPay,
ma et ma * propal e Wfe
16 17 18 19 20
#22
> WPAIB := PAFB/(Wfe*SB);
DPpa DPpa
3 IR (€ - C
WPAIB = 281764 apa CP PSpa (28.97 wma + 28.97) | + 2
1.608015098 wma + 1 ‘Ipal Tpa,
DPpa DP, DP; D v
ol 3 pa4 pa5 Ppa6 DPpa7 DPpas Dfpa
+ e + o + pro e + +
3 4 s bag Tpa, Tpay Tpe,
DP D
pam Ppal | DPpaD DPpal3 DPpaM DPpaI5
* Tpa * Tpa * Tpa ¥ va M ‘ * Tpa
10 ¥ 12 ™y pa , Pa
DPpa D DP,
Pas pa, pa, | DPPa, | DPpa,,
+ ma e e et wfe
16 17 18 19 Pay,

#23
> Cr := (A*OUHD*Ca)/(1-Ca) + (A*(1-OUHD)*Ca/3)/(1-Ca/3);

he



A OUHD Ca 1 A (l-OUHD) Ca
Cr:= + =
1 ~cCa 3

1
l—a Ca

>Cb:=C-Cr;

A OUHD Ca | A (1 -OUHD) Ca
Cb:=C- -7
| ~-Ca 3

l—% Ca

> WAI := (28.02*(100-CO2avei-COavei-O2avei)/(12.01*(CO2avei+COavei))*(Cb+(12.0
> 1/32.07)*S)-N)/0.7685;
WAL :=36.46063760 (100 - cO2aveil — COaveli — O2avei)
__A OUHD Ca 1 A (1-0OUHD) Ca

- 3744932
—ex 3 +.3744932959 s |f(

l——3' Ca

12.01 co2avei +12.01 coavei)- 1301236174 N

#24
> WMGI := 8.936°H + (Wma*WAI)+M(;

WMG1I ;= 8.936 H+ Wma | 36.46063760 (100 - co2avei — COavei - O2avei)

UHD C. 1 -
_A ‘;_Ca a -3 A (1-OUHD) Ca | 1744932050 s

l—-% Ca

12.01 co2aveli +12.01 coavei)- 1301236174 N|+ Mf

#25
> WGpi := ((44.01*CO2avei+32.02*02avei+28.01*COavei+28.02'(100-CO2avel-COav
> ei-O2avel))(12.01*(CO2avel+COavei))*(Cb+(12.01/32.07)*S));

WGpi = (1599 colavei+ 4.0 02avei ~.0l COaveai +2802.00)
_AOUHD Ca 1 A (1-OUHD) Ca

l-cCa 3 I—lc
3 Ca

+.3744932959 S i/(

12.01 co2avei+ 12.01 Ccoavei)

#26
> WGi := WGpl + WMGI;
WG1 :=(15.99 CcO2avei +4.00 02avei - .0l Coavei +2802.00)

A OUHD C | A (|l ~-0OUHD) C
c- a 1Al L €2 3741932959 s/

|l -Ca 3 liC
3 Ca

12.01 co2avei + 12.01 COavei)+ 8936 H+ Wma | 36.46063760

(100 - Co2aveli - COavei — O2avel)
A OUHD Ca _]_ A (! — OUHD) Ca

" l-ca 3 L
3 a

+.3744932959 s |/(

12.01 co2avei +12.01 COoavei)-1301236174 N |+ Mf

#27

> WAO :=( ((28.02*(100-CO2aveo-COaveo-02ave0))/(12.01*(CO2aveo+COaveo)))'(C
> b +(12.01/32.07)*S)-N)/0.7685;
WAo :=36.46063760 (100 - cO2aveo - COaveo - O2aveo)
A OUHD Ca 1 A (l-0OUHD) Ca + 3744932059 5|/

- Il -Ca ) l—l ca
3

1201 co2aveo+ 12.01 CoOaveo) - 1.301236174 N

#28
> WMGo := 8.936°H + (Wma*WAOo) + Mf;

WMGo :=8.936 H+ ma | 36.46063760 (100 - CcoO2aveo ~ COaveo - 02aveo)

OUHD C. 1 A (l-0OUHD) C
_A ]UHC = -3 ( ) Ca | 3744932959 5 |/(
- Ca

1
l—’i Ca

12.01 co2aveo+ 12.01 COaveo) - 1.301236174 N[+ Mf

#29
> WGpo := ((44.01°CO2aveo0+32.02*02ave0+28.01*COave0+28.02°(100-CO2aveo-C
> Oaveo-0O2aveo))/(12.01*(CO2aveo+COave0))*(Cb+(12.01/32.07)*S));
WGpo :=(15.99 co2aveo+4.00 O2aveo — .01 COaveo + 2802.1X))

s
O
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A OUHD Ca l A (|- OUHD) Ca
l-Ca 3

‘ +.3744932959 s {/(
l_i Ca

1201 co2aveo+ 12.01 COaveo)

#30

> WGo := WGpo + WMGo;
WGo := (15.99 co2aveo+4.00 O2aveo - 0l coaveo +2802.00)

A OUHD Ca _I_ A (1 -OUHD) Ca

- 1 -Ca 3

0 +.3744932959 s {/(
1—3 Ca

12.01 co2aveo + 12.01 COaveo) + 8936 H+ wma | 36.46063760
(100 - co2aveo — COaveo = 02aveo)

_ A OUHD Ca __l_ A (1 - OUHD) Ca
l1-Ca 3

0 +.3744932959 s|/(
1—5 ca

1201 co2aveo + 12.01 CcOaveo) - 1.301236174 N |+ Mf

#31

> AL := ((WGO-WGI)IWGi)‘IOO;
(15.99 co2aveo+ 4.00 02aveo- .01 COaveo + 2802.00) %1
12.01 co2aveo+ 12,01 CoOaveo
(100 — co2aveo — COaveo — o2aveo) %l 1301236174
12.01 co2aveo+ 12.01 Coaveo
B (1599 co2avei + 400 02avei - .0l coaveil + 2802.00) %!

+ Wma (36.46063760

Y2

100 — CO2avei - COavei — 02avei) %

— Wma (36.46063760 ( avel - C %‘;"e‘ o2avei) %l _ | 451236174
(15.99 co2avei + 4.00 02avei - .0l coavei +2802.00) %1
+8936 H
%2

00 - co2avei - i — 02avei) %l

+ Wma (36,46063760 a 02avel C;‘;"“ 02avei) %l _ 341236174

+ Mf)

"
"
"

! A OUHD Ca | A (1-OUHD) Ca

| Pl =C- —c 3 +.3744932959 S
-Ca

l——lj Ca

%2 :=12.01 co2avei+ 1201 Coavei

#32
> TFluegasiNa := WGI*Wfe*SA;

I
TFluegasINa :=§ (1599 co2avei+4.00 02avei - .01 CcOavei + 280204,

A OUHD C I A (l-0UHD) C
c- a 1Al ) €2 | 3744932959 5|/

l-Ca 3 l-—lC
3 Ca

12.01 cozavei +12.01 coavei)+8936 H+ Wma 36.46063760

(100 — co2avei — COavei — 02avel)
A OUHD Ca l A (1 - OUHD) Ca

1-Ca 3 llC
3 a

+.3744932959 s {/(

12.01 co2avei+ 12,01 COavei) - 1.301236174 N{+ Mf| Wfe

Vi

sigmaAL := sqri(

> Diﬂ(AL,CO2avei)"2‘varCOZavel +

> DIff(AL,COavei)*2*varCOavel +

> DItf(AL,O2avel)*2'varO2avel +

> Diff(AL,CO2aveo)*2‘varCO2aveo +

> Diff(AL,COaveo)*2'varCOaveo +

> Diff(AL,02aveo)*2*varO2aveo +

'> Diff(AL,A)*2"varA +

> Diff(AL,OUHD)*2*varOUHD +

(r,

)



> Diff(AL,Ca)*2*varCa +

> Ditf(AL,C)*2*varC +

> DIff(AL,S)*2*varS +

> Diff(AL,H)*2*varH +

> DIft(AL,Wma)*2*varWma +

> Ditt(AL,N)*2*varN +

> DIff(AL,Mf)A2"varMf

> )

> sigmaAL := value(®);

5 %
4599 2L o BB g4
%2
i =11 100 %2
sigmaAL = %6
%1 %S %1 2
%10 (|5.99 =5~ 1201 —3—+%14J
- 100 %2 varCoO2aveli +
%62
ot 2Ly 01 PR g4
%2 %22
00
! %6
%1 %S %) 2
%10 (-.01 =201 /